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FIELD SAMPLING PLAN (FSP).

The field activities for Phase 2 at the Beloit Corporation Rockton facility RI/FS
will follow the approved June 1992 Field Sampling Plan from the QAPP (included
here), as modified by the Phase I Work Plan Addendum, to be approved by the
Illinots Enwronmental Protection Agency. \
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OBJECTIVES

L}
/ .

The primary objective of the activities described in the Field Sampling Plan (FSP)
is to obtain representative data for use during the Remedial
Investigation/Feasibility Study (RI/FS) analysis. Sampling activities described in
the FSP will be performed during the site investigation activities of the RIL.
Documentation procedures for sampling activities are described in the Data
Management Plan (Work Plan, Appendix A).

The RI will focus on the definition of potential sources of soil or groundwater
contamination, determine the nature and extent of contamination and collect data
for the Baseline Risk Assessment and Feasibility Study.

The Rl is designed to be implemented as an integrated investigation. Data
collected during initial RI activities will be used to determine appropriate
sampling activities and monitoring locations for subsequent activities of the RI.
During initial RI activities, potential contaminant source areas will be identified
and chemically characterized (Source Characterization), and potential
contaminant migration pathways will be evaluated (Migration Pathway
Assessment). Data generated from the Source Characterization and the Migration
Pathway Assessment may be used in conjunction with data from the Site
Evaluation Report (SER) to evaluate the extent and magnitude of contamination
along the potential migration pathways. The magnitude and extent of
contamination will be determined during Contaminant Characterization, by
sampling media of concern.

-

Source Characterization data use objectives include:
* Identify the location and extent of potential contaminant source areas; and

» Characterize the chemical and physical aspects of potential contaminant
source areas and contaminant source materials.

Migration Pathway Assessment data use objectives include:
* Identify the most likely pathways for contaminant migration;

* Characterize the hydrogeologic and hydrologic setting of the site; and

Appendix A-Field Sampling Plan : June 1992 Beloit Corporation-Rockton Facility
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* Describe the characteristics of soils and sediments in the site area.
Contaminant Characterization data use objectives include:

* Describe the magnitude of groundwater, surface soil, and subsurface soil
contamination; and

» Evaluate the extent of contaminant migration along potential migration
pathways at the site. -

TIKJEMNIVKID/KIQ .
[mad-603-15b]
1526800.184
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2

ScoOPE OF
SAMPLING ACTIVITIES

‘

The FSP describes the procedures and practices for use in performing site
investigation activities during the RI/FS. These procedures include a description
of the sample designation system, personnel and their responsibilities, and the
sampling methods to be used during RI activities. The scope of RI activities
discussed in the FSP include:

» soil gas sampling;

» shallow soil borings and soil sampling;

» geophysical surveying (surface and downhole);

* site mapping; A

 ecvaluation of existing wells;

* deep and intermediate groundwater quality borings and groundwater
sampling;

* monitoring well installation/replacement and soil sampling;

* existing monitoring well and standpipe abandonment;

» hydraulic conductivity testing;

* water level measurements;

» surface water and sediment investigation;

 surface soil assessment;

* air assessment;

« ecological assessment; and

* groundwater sampling and chemical analysis.

[mad-603-15d]
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SAMPLING LOCATIONS AND
NUMBERS OF SAMPLES

3.1 SOURCE CHARACTERIZATION

Source characterization will include soil gas sampling, shallow soil borings and
soil sampling, and a electromagnetic (EM)/magnetometer surface geophysical
survey.

3.1.1 Soil Gas Survey

A soil gas survey will be performed in known suspected contaminant source areas
as well as areas where potential sources may exist. The objective of this survey is
to locate potential sources of volatile organic compounds (VOCs). Previous
investigations have indicated that several potential source areas may exist.
However, other identified source areas may exist in the site vicinity. Drawing
15268-6 shows the proposed locations for the soil gas survey. Approximately 100
samples, ten field duplicate samples, and one field blank per day will be collected.
Each sample will be analyzed by an in-field, portable gas chromatograph (GC) for
target VOCs (Method EPA 8010/8020).

3.1.2 Shallow Soil Borings and Soil Sampling

Twelve shallow soil borings (SB8 through SB19) will be performed to identify
the presence of VOCs in potential source areas. The borings will be drilled to a
minimum depth of the water table (anticipated depth 25 to 35 ft). The proposed
soil boring locations (refer to Drawing 15268-7) have been selected based on
information gathered during the preparation of the SER. Modifications or
additional soil boring locations may be established, pending the results of the soil
gas and surface geophysical survey (see Section 5 of the Work Plan for
coordination between Warzyn and IEPA).  Soil samples will be collected at 2.0 ft
intervals using a 3-in. split spoon sampler. The 3 in. sampler is primarily needed
for aquiring enough sample volume to accommodate splitting samples with the
IEPA. However, in some instances, a 2 in. split spoon sampler rhay be necessary
for soil composition -evaluation. Field decisions will be required to determine
which sampler is most approprite for each boring. A soil boring log describing
the materials encountered, visual evidence of contamination, and PID screening
results will be recorded by the field geologist/engineer. Soil samples
representative of each unique lithology will be retained in 8-0z soil sample jars.

Appendix A-Field Sampling Plan June 1992 Beloit Corporation-Rockton Facility
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A sufficient quantity of representative soils will be collected from each split spoon
sample to fill, at a minimum , one 8-o0z. wide mouth glass jar for potential semi-
volatile analysis, one 8-0z wide mouth glass jar for potential pesticide/PCB
analysis, one 8-oz wide mouth glass jar for potential metals and cyanide analysis, -
and two 4-oz. wide mouth glass jars for potential VOCs analysis, and to partially
fill one 8-0z. wide mouth glass jar for field headspace analysis. Vertical split
samples will be collected from the split spoon samples by cutting the soil sample
in half (parallel with the long axis of the split spoon sampler) and collecting
samples, top to bottom, from each half of the split spoon device. One half of the
split spoon sample will be used to fill the 4-0z. sample jars immediately after
opening the split spoon. The other half will be used to log the borehole and fill
the four 8-oz. soil sample jars one of which is to be used for field headspace
analysis. The field headspace method is described in Section 5.2.3 of the FSP.

Surface soil samples (6 in. depth) will be collected from each shallow boring
location and analyzed, for a total of 12 samples. Additional surface soil samples
will be collected from an off-site location for use as a background surface soil
sample. Surface soils will be analyzed for U.S. EPA CLP Target Compound List
(TCL) organics, and Target Analyte List (TAL) inorganics.

Twenty-four sets of subsurface soil samples will be selected for U.S. EPA CLP
analysis based on the following criteria:

* Detectable PID (11.7 eV) or FID readings greater than background;
* Visual evidence of soil contamination; and

» Distinct soil stratigraphic changes (e.g., contact at aquifer/aquitard
boundary).

Selection of subsurface soil samples for analysis will be determined in the field
and based on in-field screening results. During sample collection, subsurface
soils will be visually examined and screened for VOCs with a PID/FID.
Subsurface soil samples with obvious visual contamination and/or detectable
PID/FID field headspace readings will be selected for U.S. EPA CLP analysis. If
no indications of VOC contamination are observed using in-field techniques, at
least one set of subsurface soil samples will be collected from each boring for
U.S. EPA CLP analysis using the following three criteria:

* At a distinct soil stratigraphic change;
* Atadepth of 10 ft for borings in areas with low soil gas readings; or
* Atadepth of 5 ft for borings in areas with high soil gas readings.
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A minimum of 24 sets of subsurface soil samples (an average of two samples per
soil boring) will be analyzed for U.S. EPA.CLP parameters. At least one set of
soil samples will be collected from each boring for analysis.

3.1.3 Electromagnetic/Magnetometer Survey

An electromagnetic ground conductivity meter and/or a proton precession
Magnetometer will be used to perform a magnetic survey to locate potential
buriéd metallic objects such as drums and underground storage tanks. The
surveys will be performed on and around the 1314 Watts Avenue and Soterion
properties in the Blackhawk Acres Subdivision (refer to Drawing 15268-6). Each
instrument will be calibrated prior to each use as described in the users manual.
The initial survey will collect readings on a profile at 10-ft centers in the areas of
interest. A coarser grid (20 ft centers) may be employed in areas surrounding
these properties. During the initial survey, anomalous areas will be located on a
field map and marked with pin flags in the field. Subsequently, a second survey
will be performed over the anomalous areas using a tighter grid (5-ft centers).
Quality assurance will be effected by the duplication of randomly selected survey
measurements to examine instrument response.

3.2 MIGRATION PATHWAY ASSESSMENT

3.2.1 Hydrogeologic Investigation
3.2.1.1 Site Mapping and Evaluation of Existing Monitoring Wells - A
topographic map with a scale of 1 in. to 200 ft and a contour interval of 2 ft has
been prepared for use in the RU/FS (Drawing 15268-7). This base map will be
used to develop other drawings and maps showing RI data.
An inventory and evaluation of existing monitoring wells will be performed to
assess their condition. This will include both IEPA and Beloit Corporation wells.
The following will be evaluated:

* well location

* integrity of protective casing (to include cap, lock, and identification) and
the surficial seal ‘

* integrity of well casing and screen
* water level
‘» total well depth

e amount of sediment in well
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Wells will be developed, if necessary, to provide representative water level
measurements using procedures described in the next to last paragraph of
subsection 5.4.3.2 of the FSP. Functional PVC and stainless steel wells will be
included in the water level measurement task and functional stainless steel wells
will be included in groundwater quality sampling activities. Wells which are
determined to be non-functional will be properly abandoned according to IEPA
monitoring well abandonment procedures (IEPA 1990) presented in paragraph
two of Section 5.4.3.2 of the FSP.

Natural gamrha ray logging will be conducted in existing functional wells for use
in evaluating subsurface stratigraphic conditions. At locations of a well nest, only
the deep well will be natural gamma ray logged.

3.2.1.2 Deep and Intermediate Groundwater Quality Borings and
Groundwater Sampling - Five deep soil borings (DB1, DB2, DB3, DB4, and
W22C) and two intermediate soil borings (W23B and IB1) will be performed
within the RI/FS boundaries. The deep borings will be drilled to a minimum
depth of 100 ft and the intermediate borings to a minimum depth of 70 ft at the
proposed locations shown on Drawing 15268-7. Total actual depth is to be
determined in the field based on stratigraphy and groundwater sample screening
results using a field GC. Drilling and groundwater sampling will be discontinued
at a boring when one of the following situations develops:

* When groundwater screening results indicate that VOCs dre not present
and the 100 ft (for deep borings) or 70 ft (for intermediate borings)
minimum depth has been reached, sampled, and analyzed;

* When groundwater screening results indicate that VOCs are present and
the minimum depth requirement of 100 ft (deep borings) or 70 ft
(intermediate borings) has been achieved, and a minimum of two
consecutive clean groundwater samples have been collected below the
deepest VOC detection in that boring; or '

* For intermediate borings at potential source areas, and deep borings where

' non-aqueous phase liquids have been identified, when a confining unit

greater than or equal to 3 ft in thickness is encountered, irrespective of

depth. In this situation, the last groundwater screening sample will be
collected at the top of the confining unit.

None of these borings will be advanced into bedrock during the Phase 1
investigation.
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Dual-tube reverse circulation drilling methods (Appendix A - A2), will be used to
advance the deep groundwater quality borings. Plugged, screened hollow-stem
augers will be used to advance the intermediate groundwater quality borings.
During drilling, groundwater samples will be collected every 10 ft, béginning at -
the water table. Groundwater samples will be collected through the center of the
drill string or casing with a bailer, or submersible pump. Groundwater samples
collected from the seven borings will be analyzed for total VOCs with an in-field
gas chromatograph (GC). The GC data from the groundwater samples will be
used to obtain a vertical representation of the groundwater quality beneath the
site.

Upon completion of the borehole, downhole geophysical logging will be
performed to obtain a natural gamma ray log. The natural gamma ray log of the
borehole will be used in conjunction with cuttings for subsurface interpretation of
soil stratigraphy and assessment of potential subsurface preferred contaminant
migration pathways.

Monitoring wells will be installed in those borings where the GC results indicate
the presence of VOCs. Screen placement will be determined based on GC results,
soil stratigraphy, and gamma ray response.

One deep geotechnical boring (GB1) will be advanced to approximately 100 ft
using mud rotary drilling techniques. This boring will be used to ground truth the
gamma ray logging tool and to provide a representative, stratigraphic sequence
for the site. Methods are described in Section 5.4.3. '

‘After completion of downhole logging of the borehole, any borehole not
completed with a well, will be abandoned in accordance with IEPAs guidance
document - Groundwater Monitoring Network for Non-Hazardous Solid Waste
Disposal Facilities (1990). These abandonment procedures are detailed in Section
5.4.5.2 of the FSP. A ' :

3.2.1.3 Monitoring Well Installation/Replacement and Soil Sampling -
Initially, twelve new wells will be installed (nine on Beloit Corporation property),
including six water table wells and six piezometers. One well (W24) will be
installed hydraulically upgradient of the site adjacent to IEPA monitoring well
G107, to assess background groundwater quality. Existing monitoring wells W3,
W5, W8, and W11 will be replaced. Additional monitoring wells may be
installed during the Phase 2 investigation. The location, number and type of wells
to be installed will be determined from information obtained during the initial
- investigation (Phase 1) activities.
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Monitoring wells will be installed using hollow stem auger, air rotary, or rotary
wash drilling methods. Split-spoon soil samples will be collected every 2.5 ft
during drilling of the boreholes. Soil samples representative of local stratigraphy
will be saved in glass sample jars. Twenty of the collected soil samples will be
submitted for grain size analysis by ASTM D422. Grain size distribution results
will be used to confirm and ¢nhance the visual description of soils made by the -
site geologist during drilling.

In addition to obtaining a stratigraphic log from split-spoon sampling, each of the
monitoring well boreholes will be natural gamma ray logged. The natural gamma
ray logs of the boreholes will provide a continuous record of variations in the
natural radioactivity of the borehole and an indication of soil stratigraphy. This
information will be used during evaluation of site geology, by indicating
variations in clay content of the unconsolidated deposits at the site.

New monitoring wells will be developed by alternatively surging and purging the
wells for a minimum of 30 min. using a bailer. After the surge and purge cycles
are completed, the well will be pumped until ten well volumes are removed or
until the pH and specific conductance of water removed from the well has
stabilized. ’

Drill cuttings, drilling fluids (mud and water) and extraneous soils derived from
split spoon sampling will be evaluated in the open atmosphere during drilling with
an 11.7 eV PID in the field. If PID readings are equal to or exceed 5 ppm then
these cuttings, soils and fluids, will be placed in 55 gal drums, labeled and
retained on-site on Beloit Corporation property. If PID readings are less than 5
ppm then these cuttings, mud and extraneous soils will be disposed of on-site on
Beloit Corporation property. TCLP analysis will be performed on composites of
the containerized cuttings, mud and soils (PID > 5 ppm) in order to determine an
appropriate disposal option. Disposal of water used as a drilling fluid is discussed
below.

Development, drilling and purge waters will be separated based on the presence or
absence of a non-aqueous phase liquid. Those development, drilling and purge
waters containing a non-aqueous phase liquid will be considered a hazardous
waste, drummed, stored separately and disposed of at an appropriate hazardous
waste facility. Development, drilling and purge waters not containing a
non-aqueous phase liquid will be disposed in the sanitary sewer along with
decontamination water for treatment at the local POTW, assuming approval can
be obtained from the POTW. If approval can not be obtained, these materials will
also be drummed, stored in a secure area on Beloit Corporation property and
disposed of at the time of the final remedy.
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3.2.1.4 Existing Monitoring Well and Standpipe Abandonment - Four existing
monitoring wells (W3, W5, W8, and W11) and seven standpipes (SP1, SP3, and
SP8 through SP12) are to be abandoned during Phase 1 of the RI. They will be
abandoned in accordance with IEPA’s guidance document - Groundwater
Monitoring Network for Non-Hazardous Solid Waste Disposal Facility (1990).
These abandonment procedures are detailed in Section 5.4.3.2 of the FSP.

3.2.1.5 Hydraulic Conductivity Tests - Hydraulic conductivity tests will be
performed in the new wells installed during the RI. Single well baildown test
methods will be used and data analyzed using the Bouwer and Rice (1976)
method. Additional baildown hydraulic conductivity testing may be performed in
existing functional monitoring wells.

3.2.1.6 Water Level Measurements - A minimum of four rounds of water level
measurements will be conducted during the RI. Water level measurements will be
obtained with an electric water level indicator. One round of water levels will be
measured following completion of the monitoring well installation. Water levels
will be measured concurrent with groundwater sampling events. Bimonthly
measurements will be conducted thereafter for a period of eight months, if
necessary from the initial measurement event. The water level measuring device
will be deconed between wells.

3.2.2 Surface Water and Sediment Investigation

Surface water drainage patterns will be identified and located based on field
observations. These drainage patterns and runoff characteristics will be evaluated
for the potential of erosional transport of contaminated surface soils off-site. It is
anticipated that three staff gauges will be installed at the site (along the Rock
River). Specific staff gauge locations will be determined based on field
observations of optimum locations. Existing staff gauges at the site will be
evaluated for integrity and monitoring use. Surface water level measurements
will be collected concurrently with groundwater level measurements.

3.2.3 Surface Soil Assessment

" The potential for exposure to contaminants via the surface soils pathway will be

evaluated based on samples collected for chemical analysis from the 12 shallow
borings (Drawing 15268-7).

3.2.4 Air Assessment

Wind patterns will be evaluated, based on available meteorologic information, to
determine possible air pathway exposure scenarios. Air quality data collected
from health and safety monitoring during site investigation activities will be used
to assess the potential for release of contaminants into the air. Samples will not
be collected for laboratory analysis.
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3.2.5 Ecological Assessment

A preliminary ecological assessment of the site and adjacent areas will be
performed. Ecological resources will be investigated by a site walkover by a field
ecologist to note types and approximate sizes of plant communities of the site and
adjacent undeveloped areas. Potential of the site and surrounding areas as habitat
for vertebrate species will be assessed. Wetland areas will be classified according
to the U.S. Fish and Wildlife Service (U.S. F&WS) system (Cowardin, et. al.,
1979) and their sizes estimated by use of the Federal Manual for Identifying and
Delineating Jurisdictional Wetlands (Federal Interagency Committee for Wetland
Delineation, 1989).

Site observation will be supplemented by information available from site and
federal agencies concerning the following ecological resources:

* Hydric soils (U.S. Soil Conservation Service)

* Rock River fishery (Illinois Department of Conservation)

+ Threatened or endangered species (Hlinois Department of Conservation
and U.S. F&WS)

* Designated area wetlands (U.S. F&WS National Wetland Inventory Map)

A qualitative preliminary ecological assessment will be developed to evaluate
potential contamination by site chemicals detected by RI sampling activities.
Potential effects of these contaminants will be discussed for species likely to
inhabit the site or areas affected by site contaminants. If a preliminary evaluation
suggests a serious impact by the site on area natural resources, further
investigation may be required (U.S. EPA Region V, Tasks 3-6, undated,
unpublished memorandum).

3.3 CONTAMINANT CHARACTERIZATION
3.3.1 Groundwater Sampling
Groundwater samples will be collected from the following locations during the

Round 1 sampling event: ’

* The 12 new groundwater monitoring wells installed during well
installation activities of the RI (Refer to Drawing 15268-7);

* The four replacement wells W3, W5, W8, and W11;

» Existing monitoring wells W12 through W18 (7 wells), and G103S and D,
G104, G107, G108S and D, G109, and G110 (8 wells); and

» Private wells as specified in the private well sampling document.
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Groundwater sampling will be used to determine the chemical characteristics of
groundwater contamination. Samples will be analyzed for the following chemical
and physical parameters: - ’

U.S. EPA CLP TCL organics;
U.S. EPA CLP TAL inorganics;
Sulfate;

Chloride; .
Alkalinity;

Total phenolics;

Nitrate-Nitrite nitrogen;
Ammonia nitrogen;

e Total dissolved solids;

* Field pH; and

* Field specific conductance.

[ ] [ ] [ ) L] [ ) [ )

Inorganic analyses will be performed on filtered samples collected during Round
1, consistent with U.S. EPA Region V QA Directives. Round 2 samples will be
analyzed for contaminants of concern based on the results of Round 1 sampling.
Technical Memorandum No. 1 will describe analytical results and address data
gaps requiring additional sampling and analysis to be performed during the-Phase
2 investigation.

Appropriate sample containers, preservation, and imckaging are described in
Table 1-2 of the QAPP. ‘ '

! ’

3.4 QUALITY ASSURANCE SAMPLING

Quality control samples will be collected during sampling activities associated
with the chemical characterization of groundwater, surface soils, and subsurface
soils. Quality control samples will consist of sample duplicates, field blanks, and
matrix spike/matrix spike duplicate (MS/MSD) samples, as described below.

3.4.1 Field Blanks (FB)

For soil samples, no field blanks will be collected due to the unavailability of
suitable blank material. For water samples, one field blank will be prepared for
each container type and size. Field blanks will be prepared according to the
following schedule for each sampling activity:

* One field blank for every 10 or fewer samples of water collected; and
-» For each sample period, a minimum of one blank for each group of

parameters per sample matrix.
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The field blank samples will be prepared using deionized water stored in
polyethylene containers. For monitoring well samples, the water will be routed
through the sampling device before transfer to the container. Soil gas field blanks
will be prepared by collecting a simple of ambient air after decontamination of
the sampling system.

3.4.2 Trip Blanks (TB) '

A trip blank for volatile organic analysis (VOA) will be included in each sample
shipment containing water matrix samples for VOA. The trip blank will consist
of two 40-m1 VOA vials filled with deionized water with a Milli-Q cleanup. It
will be prcpared in the office or laboratory, transported to the field and shipped
with the other samples to the designated laboratory without being opened. It will
be packaged using standard procedures as for other sample bottles.

3.4.3 Matrix Spike and Matrix Spike Duplicates (MS/MSD)

For water samples, one sample per group of 20 or fewer samples collected for
VOA and extractable organics analysis during each sampling activity will be
selected for matrix spike/matrix spike duplicate (MS/MSD) analysis. For
Base/Neutral Acids (BNAs) and Pesticides/PCBs, double the normal sample -
volume will be collected (i.e., four, 1-L bottles). For VOCs, triple the normal
sample volume will be collected (i.e., six, 40 ml VOA vials).

3.4.4 Sample Duplicates

One duplicate sample will be collected for each increment of 10 or fewer samples
collected for each matrix during each sampling period. A duplicate sample will
consist of a sample obtained from the same sampling device as the original
sample.

Due to the sample volume requirements and the soil volume obtained using split-
spoon sampling methods, sample duplicates for subsurface soil samples may not
be possible. Sample duplicates for subsurface soils will only be performed if the
split-spoon sample volume is adequate during subsurface soil sampling
procedures.

[mad-603-15¢}
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4

SAMPLE DESIGNATION

A sample numbering system will be used to identify each investigative and
quality control sample. - Each sample identifier will include the project identifier
code, sample type and location code, and a sampling event code. The sampler
will maintain a log book containing the sample identification listings.

4.1 PROJECT.IDENTIFIER CODE

A two-letter designation will be implemented to identify the sampling site. The
project identifier will be "BC" to signify the Beloit Corporation Rockton Facility
site investigation.

4.2 SAMPLE TYPE AND LOCATION CODE

Each sample collected will be identified by a two-letter code corresponding to the
samplé type. Sample type codes to be used for the various samples collected are:

GD - groundwater sample from deep groundwater quality boring

GI- groundwater sample from intermediate groundwater quality boring
PW - groundwater from a private residential well or municipal well

GW - groundwater sample from monitoring well

SS - split spoon or subsurface soil sample

SU - surface soil sample

FB - field blank

TB - trip blank

Other letter designators may be added for sample activities of later subtasks.

The location code will follow the sample type code. The location code consists of
a two- to five-digit numeric or alpha-numeric code indicating the sample location.
Field blanks and trip blanks will use a consecutive numbering system starting at
01 , assigned in the field.

4.3 SAMPLING ROUND CODE/DUPLICATE CODE
A two-digit numerical code will be used to designate additional location

information. For soil samples, the sampling code will represent the depth of the
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sample in feet below the ground surface. Duplicate samples will be designated by
the sampling code preceded by a 9.

Matrix spike and matrix spike duplicate samples are collected as additional
sample volume at selected locations. Although identified as such on chain-of-
custody records, spécific sampling codes will not be provided for matrix spikes or
matrix spike duplicates (MS/MSD) samples. )

4.4 EXAMPLES OF SAMPLE NUMBERS

Examples of sample number codes are as follows:

BC-SSMWO03A-25 = Beloit Corporation, split-spoon soil sample from
monitoring well MWO03A at a depth of 25 ft.

BC-GWMWO03A-01 = Beloit Corporation, groundwater sample from
monitoring well MWO3A, first sampling round.

BC-GWMWO03A-91 = Beloit Corporation, duplicate groundwater sample
from monitoring well MWO3A, first sampling round.

BC-SUSB10-00 = Beloit Corporation, surface soil sample from location of
shallow soil boring number 10, sample collected at the ground surface.

BC-GDDBO01-30 = Beloit Corporatioh, groundwater sample collected
while drilling deep boring DB1 at 30 ft from the ground surface.

BC-GIIB01-50 = Beloit Corporation, groundwater sample collected while
drilling intermediate boring IB1 at 50 ft from ground surface.

JEM/TIKANI/KID/KIQ
[mad-603-15f)
1526800.161
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5

GENERAL SAMPLING EQUIPMENT
AND PROCEDURES

-~

5.1SOIL GAS SURVEY

5.1.1 Objective

The objective of the soil gas survey is to locate potential sources of VOCs at the
site and identify potential near surface contaminant sources or soil gas associated
with contamination at depth.

5.1.2 Personnel and Responsibilities

A team of two individuals will perform the soil gas survey. A technician will
drive the probe into the ground and extract a sample into a glass vial. A site
chemist will analyze the collected samples by operating the in-field gas
chromatograph (GC).

5.1.3 Methods

Soil gas sample locations will be approximated in the field by using a compass to
measure a bearing between soil gas points and measuring the diStance between the
reference points (trace). Permanent site features may be used as reference points.
A detailed log will be maintained identifying reference points and associated
bearing and trace. In addition, each soil gas location will be plotted on a field
map as each location is identified in the field during sample acquisition activities.
Additional soil gas samples may be collected at unspecified locations based on
field observations and/or GC results.

Soil gas samples will be collected by:
* Driving a 1/2-in. or 5/8-in, which ever is appropriate, diametctj‘solid rod to
a depth of approximately 3 to 4 ft below ground surface to create a pilot

hole. '

* The rod is replaced with an AMS Retract-a-Tip gas vapor probe. This
probe will be driven down the pilot hole using a slam bar.

« The screen casing is pulled back to expose the screen.
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The teflon vapor tube, which is exposed at the surface, is slipped over the
sample tip of the Thermo Environmental (TE) 580B PID.

The safnple vessel (Tedlar bag) is connected to the exhaust (sample) port
of the TE 580B PID with teflon tubing.

Both ports on the Tedlar bag are opened.

The pump (TE 580B PID) is switched on and allowed to draw in-situ soil
gas through the system for a minimum of 2 minutes.

After 2 minutes the sample port on the Tedlar bag will be closed and the
bag allowed to fill:

With the pump still running the input port of the Tedlar bag will be closed,
then the pump will be switched off.

The Tedlar bag will be disconnected from the pump, shielded from
sunlight and placed on ice in a cooler.

The pump (TE 580B PID) will be disconnected from the AMS soil gas
probe teflon vapor tube.

The screen casing will be closed (screen covered) and then the probe will
be removed from the pilot hole.

Prior to the next sampling the AMS gas vapor probe will be
decontaminated as-described below, then the probe, pump and teflon
tubing will be connected and purged with atmospheric air by running the
pump for a minimum of 1 minute. Tedlar bags that have been used may be
re-used if:

- G.C. results show no detectable VOCs, and
- The Tedlar bag has been decontaminated with high purity helium gas.

The external surface of the gas probe and the pilot rod will be
decontaminated by wipipg both with paper towels moistened with TSP or
liquinox cleaning solution followed by paper towels moistened with rinse
water.

Move to next sample location.
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The sample will be delivered to the in-field GC for analysis of VOCs. Results of
the soil gas analyses will be plotted in the field on the aforementioned site map.

Used paper towels will be disposed in trash bags and placed with other
investigative wastes. Field blanks will be collected at a frequency of one blank
per ten samples, consistent with sampling of other media.

5.2 SHALLOW SOIL BORINGS AND SOIL SAMPLING

5.2.1 Objective . -

The objective of this activity is to chemically characterize site surface and
subsurface soils, characterize potential source areas, and supplement information
obtained during the soil gas survcy

52.2 Personnel and Rosponsnbnhues

A drill crew of two individuals will perform the shallow soil borings. A geologist
will supervise their efforts, record soil boring logs, collect soil samples, and
function as the Site Safety Officer. . ‘
5.2.3 Methods - ‘

Twelve shallow soil borings will be drilled to a minimum depth of 25 to 35 ft

‘(water table) using 4 1/4-in. I.D. or 6 1/4-in. 1.D. hollow stem augers. Soil

samples will be collected at 2-ft intervals with a 3-in. split spoon sampler, if
possible. .If the 3-in. split spoon sampler will not retain the sample, a 2-in. split
spoon sampler will be employed. The samples will then be visually classified in

- the field by a geologist, placed into appropriate sampling jars as specified in
-Section 3.1.2 of this Field Sampling Plan, and screened using the field headspace

method. A log of the soil boring, identifying materials encountered, will be

- maintained by the site geologist/engineer. Soil samples will bé visually classified

in accordance with the Unified Soil Classification System (USCS).

Twelve surface soil sampics will be collected, one at each boring location. A

‘background surface soil sample will be collected at the location of the background

monitoring wells. Surface and selected subsurface soils collected during shallow
soil borings will be analyzed for U.S. EPA CLP TCL and TAL parameters.

As indicated in Section 3.1.2, subsurfacé soil samples will be selected for analysis
based on elevated PID/FID readings, visual observations of contamination, and
changes in soil stratigraphy. Selection of subsurface soil samples for analysis will
be determined jin the field and based on field observations at the time of sampling.

Subsurface soil samples will be evaluated for VOCs using the field héadspacc
method. An 8 oz. glass sample jar is half filled with representative soil collected

4
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from a 3-in. split spoon sample. A piece of aluminum foil, sufficient in size to
cover the opening and threads of the sample jar, is then placed over the jar
opening. The teflon lid of the jar is then secured snuggly over the aluminum foil.
The contents of the jar are to be heated for 30 minutes. After 30 minutes the lid is
removed (keep the aluminum foil cover in place) and an 11.7 eV PID (Appendix
A - A4) or FID (Appendix A - A6) probe is forced through the aluminum foil seal
to collect a headspace sample from the jar. A decision to analyze samples from
each location will be made after all samples at that location have been collected,
screened, and visually described.

A minimum of 24 sets of subsurface soil samples with at least one collected from
each boring will be selected for U.S. EPA CLP analysis. Information regarding
QA/QC sgmple numbers and frequency are contained in Table 1-1 of this QAPP.
Appropriate sample containers, preservation and packaging information are
described in Table 1-2 of this QAPP and Section 3.1.2 of the FSP.

A temporary decontamination facility will be constructed on-site on Beloit
Corporation property. Decontamination will include steam cleaning or high
pressure hot water washing the drilling equipment and tools between boreholes,
and detergent washing and water rinsing the split spoon samplers after each
collected sample. Decontamination procedures are detailed in the Health and
Safety Plan (Volume II of the Planning Documents).

Shallow soil borings will be abandoned in accordance with IEPAs Monitor Well
Plugging and Abandonment Guidance Document (IEPA 1990) (Section 5.4.3.2 of
the FSP). The disposition of excess borehole cuttings generated during drilling is
discussed in Section 3.2.1.3 of the FSP.

5.3 ELECTROMAGNETIC(EM)/MAGNETOMETER SURVEY

5.3.1 Objective ‘

The objective of the EM/magnetometer survey is to determine whether buried
metal containers or underground metal tanks exist in the area of the 1314 Watts
Avenue and the Soterion property in the Blackhawk Acres Subdivision. !

5.3.2 Personnel and Responsibilities

A team of two individuals, including-a geologist/geophysicist and an assistant will
be responsible for performing these surveys. The geologist/geophysicist will
operate the instrument and the assistant will help lay out grid lines, flag locations
and record activities. .

\
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5.3.3 Methods

An elcctromaonetic conductivity meter (see Appendix A - A1) and/or a proton
precession magnctomcter (see Appendix A - A3) will be used to perform these
surveys. The team will set up the geophysical survey grid with 10 ft spacings
across each area to be surveyed. The geologist/geophysicist will traverse the area
while operating the EM or maghetometer. Areas of anomalous readings will be
plotted in the field with pin flags and on a site map. A base location, away from
the potentially contaminated area, will be set up as a calibration verification point
for the geophysical instrument. The instrument will be checked at this location
before, after, and during the investigation. Instrument readings and drift at the
base location will be recorded.

Intrusive activities will nat be performed during these surface geophysical
surveys, therefore dccontammatxon and waste disposal procedurcs are not
anticipated.

5.4 HYDROGEOLOGIC INVESTIGATION
5.4.1 Objective . )
The objective of the hydrogeologic investigation is to obtain information for
characterization of the hydrogeologic setting, determine groundwater flow
direction, assess the potential for preferential groundwater flow, and identify the
physical characteristics of the gcologlc mcdla at the site. '

5.4.2 Personnel and Responsibilities
Deep and intermediate groundwater quality borings, monitoring well borings, and
a geotechnical boring will be performed and installed by a drill crew of two
individuals. Drilling operations will be supervised by a geologist/efigineer, who
will collect groundwater and soil samples, obtain natural gamma logs, and
function as the Site Safety Officer. Water levels will be measured by a technician.
Hydraulic conductivity tests will be performed by a geologist or field technician.

i
5.4.3 Methods
5.4.3.1 Deep Borings arid Groundwater Sampling - Five dccp (DB1-DB4 and
W22C) and two intermediate (IB1 and W23B) groundwater quality borings, and
one deep geotechnical boring (GB1) will be performed at locations inside the
RI/FS site boundaries. The primary objective of the deep and intermediate
borings is to assess groundwater quality with depth in the aquifer. The
groundwater analytical data will be used-exclusively as screening data to identify
target VOCs in groundwater at different zones in the aquifer. The primary
objective of the geotechnical boring is to provide a borehole for ground-truthing
the natural gamma ray logger and for obtaining characteristic soil descriptions for
the site. The proposed locations for the borings are shown on Drawing 15268-7.

Appendix A-Field Sampling Plan Jupe 1992 Beloit Corporation-Rockton Facility
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Dual-tube reverse circulation drilling methods (Appendix A - A2) and plugged,
screened hollow stem auger drilling methods will be used to advance the deep and
intermediate boreholes, respectively. Representative groundwater samples will be
collected during drilling with a stainless steel bailer or submersible pump with
~ inflatable packer at selected zones in the aquifer. Groundwater samples will be
collected every 10 ft beginning at the water table. If groundwater does not
recover, or is not expected to' recover within 30 minutes due to the presence of a
fine grained, low permeability zohe, no sample will be collected from that zone.
Groundwater samples will be collected through the center of the drill string or
casing. A bailer, B-K pump, or submersible pamp with an inflatable packer will
be used to purge three times the standing water volume in the drill rod or auger
before a sample is collected. If a packer is used, then three times the volume of
the packed-off zone will be purged. Groundwater samples collected during each
boring will be screened for VOCs with an in-field GC using the methods specified
_in the QAPP. The deep borings will be drilled to a minimum depth of 100 ft and
“the intermediate borings to a minimum depth of 70 ft at the proposed locations

shown on Drawing 15268-7. Total actual depth is to be determined in the field

based on stratigraphy and groundwater sample screening results. Drilling and

_groundwater sampling will be discontinued at a boring when one of the following

situations develops: )
* When groundwater screening results indicate that VOCs are not present
and the 100 ft (for deep borings) or 70 ft (for intermediate borings)
minimum depth has been reached, sampled, and analyzed;

* When groundwater screening results indicate that VOCs are preseant and
the minimum depth requirement of 100 ft (deep borings) or 70 ft
(intermediate borings) has been achieved, and a2 minimum of two
-consecutive clean groundwater samples have been collected below the
deepest VOC detection in that boring; or

* For intermediate borings at potential source areas, and deep borings where
non-aqueous phase has been identified, when a confining unit greater than
or equal to 3 ft in thickness is encountered, irrespective of depth. In this
situation, the last groundwater screening sample will be collected at the top
of the confining layer.

GC results of groundwater samples will be used to assess the vertical extent of
VOC contamination at each boring location, and will be used to determine
installation depths for monitoring wells that may be installed during this pphase
of work and placement of monitoring wells that may be installed during a Phase 2
investigation. ‘ ' ‘
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Due to the drilling methods (dual tube and plugged hollow stem auger), split-
spoon samples will not be obtained during drilling. A boring log based on
discharged drill cuttings will be kept by the geologist/engineer supervising
drilling activities. To supplement subsurface information, a natural gamma ray
log will be obtained through the drill casing upon completion of the borehole. A
Mount Sopris Model 1000-C borehole logger (Appendix A - AS) and natural
gamma ray logging tool will be used to obtain the downhole geophysical log.

Geotechnical boring GB1 will be advanced to a minimum depth of 100 ft using a
pure bentonite mud and rotary wash drilling methods (minimum borehole size of
4-in.). Standard penetration test (ASTM D1586) soil samples will be collected
every 5 ft from 2 ft to 30 ft, every 2 ft from 30 ft to 80 ft, and every 5 ft from 80 ft
to 100 ft. Representative soils will be placed in 8 oz sample jars and retained. A
detailed soil borehole log will be maintained by the field geologist/engineer
supervising drilling activities.

When the mud rotary drilling technique has reached a depth of 100 ft, in
gcotcchmcal boring GB1, and is able to maintain an open hole to this depth, the
drill string can be removed and the borehole logged with the natural gamma ray
logging device. The natural gamma ray detecting probe is lowered to the bottom
of the borehole and is then advanced to the surface at a logging rate of slightly
less than 1 ft/sec. This gamma ray trace will be the gamma ray tool ground-truth

log for the site. ’

Deep and intermediate groundwater quality boreholes, not instrumented with a
monitoring well, and the geotechnical boring will be abandoned in accordance
with IEPAs Monitor Well Plugging and Abandonment Guidance document
(IEPA, 1990). Drill cuttings and fluid will be screened with a PID during drilling
operations. The disposition of excess borehole cuttings and drilling fluids
generated during drilling is discussed in Section 3.2.1.3 of the FSP.

To minimize potential inadvertent contamination by drilling equipment and/or
inter-borehole contamination, steam cleaning will be used between boring
locations (except between borings at a well nest). The drill rig and drilling tools
will be steamed cleaned before mobxhzatlon onto the site, and will be steam
cleaned between each boring (except between borings at a well nest). The
disposition of decon water is discussed in Section 6 of the FSP. .

5.4.3.2 Monitoring Well Installation/Abandonment - Twelve groundwater
monitoring wells (eight new and four replacements) are proposed including nine -
wells at four locations on Beloit Corporation propcrty, one well at one location
upgradient of the site, and two wells at one location downgradient of the site.
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Four replacement wells are proposed for existing monitoring wells W3,W5, W8,

and W11. Proposed locations are shown on Drawing 15268-7.

Existing non-functional wells and standpipes will be abandoned in accordance
with-IEPA monitoring well abandonment procedures (IEPA, 1990). Surface
casing will be removed a minimum of 12 inches below ground surface. A neat
cement slurry (5 gal water per 94 1b bag cement) will be mixed and slowly
pumped into the well casing through a tremie pipe. The tremie pipe will be placed
at the bottom of the well and then slowly withdrawn as the cement slurry is
pumped into the well casing. Pumping will continue until the cement slurry flows
out the top of the well casing. The 12 inch deep hole will then be filled with
natural soils. ~

Water table well borings (anticipated depth: 25 to 35 ft) will be drilled using 4
1/4-in. or 6 1/4-in. 1.D. hollow stem augers. If sand blow-in through the augers
occurs during drilling, rotary wash methods using clear water will be used to
remove material from the interior of the augers. Split spoon soil samples will be
collected at 2.5 ft-intervals to the bottom of the boring (only the deep boring at a
well nest will be split spoon sampled) where feasible. If sand blow-in is severe,

no sampling will-be conducted and natural gamma ray logging will be substituted.

Intermediate depth (anticipated depth: 60 to 70 ft) piezometer borings will be
drilled using 4 1/4-in. L.D. or 6 1/4-in. 1.D. hollow stem augers or rotary wash
drilling methods. Split spoon soil sampling intervals (2.5 ft) will be similar to
water table well borings.

Based on past subsurface drilling at the site, augering methods may not be
possible below those depths where extensive sand blow-in occurs. Due to
limitations in augering methods, rotary drilling methods using casing will be used
when appropriate. Alternative methods include use of dual-tube reverse air rotary
or clear water wash rotary. In the event clear water does not remove cuttings or
the borehole is unstable, a pure bentonite mud wash may be necessary to complete
the boreholes. During drilling operations, attempts will be made to minimize the
amount and use of bentonite drilling mud. Bentonite with chemical additives will
not be used at the site.

Water used during drilling activities will be obtained from the City of Rockton
municipal water supply. As a quality assurance procedure, a sample of the water
used for drilling and other activities at the site will be collected and analyzed for
VOCs (CLP SOW OLMOQ2.0) during initial drilling activities.

-—

A log of the monitoring well boring will be recorded by the site geologist. Soil.

samples will be visually classified in accordance with the Unified Soil
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Classification System (USCS). Twenty (20) soil samples will be analyzed by a
soils laboratory for grain size. Samples will be selected following completion of
the drilling program to obtain a representative selection of the various soil types
encountered during the investigation. The purpose of these analyses is to confirm
field identification of soils and to assist in assessing subsurface soils as a
contaminant migration pathway. Soil samples will be field screened in the open
atmosphere with a PID to assess potential hazards to the field personnel. The
disposition of excess soils is discussed in Section 3.2.1.3, of the FSP.

Final soil boring logs will be prepared based on field observations, natural gamma
ray log response, and soil testing and laboratory sample classification. Soil
samples will be retained for Beloit Corporation until termination of the RI/FS.
Procedures for sample handling are discussed in the QAPP.

Monitoring wells will be constructed as shown in Drawings 15268-A7 and
15268-A8 in the Work Plan. Water table wells will be constructed with 10-ft
long, No. 10 slot (0.010-in.) continuous wrap 2-in. I.D. stainless steel screens
placed so the screen is likely to intercept the water table. Piezometers will be
constructed with 5-ft long No. 10 slot (0.010-in.) continuous wrap 2-in. L.D.
stainless steel screens and a 10 ft section of stainless steel riser. The riser above
the 10 ft stainless steel riser section will consist of 2-in. 1.D. schedule 40 PVG
pipe for wells less than 80 ft deep and schedule 80 PVC pipe for wells greater
than 80 ft deep. ’

The annular space between the well and the edge of the borehole will be
backfilled with clean silica sand to approximately 2 ft above the top of the well
screen. A minimum 3-ft hydrated bentonite pellet seal will be placed directly
above the sand pack. At water table wells, the annulus will be backfilled with
granular bentonite. At piezometers, a fine silica sand or bentonite pellets will be
placed above the sand filter pack and bentonite slurry placed above the fine silica
sand or bentonite pellets, using a tremie pipe. A granular bentopite surface seal
will be installed at each well. A locking steel protective casing will be installed at
the surface of each well.

The following partial abandonment procédures are to be followed when installing
monitoring wells in water quality borings.

If the backfill interval is greater than 50 ft then the water quality borehole is to be
abandoned following IEPA (1990) monitoring well abandonment guidelines (see
paragraph 2, Section 5.4.3.2). A monitoring well will then be installed in a new
borehole that will be drilled approximately 5 ft from the abandoned water quality
borehole. \ -
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If the backfill interval is less than 50 ft then the following guidelines will be used
to install monitering wells in water quality borings:

‘e A tremie pipe will be used to install approximately 3/8-in. diameter
bentonite pellets or chips (interlayered with a clean silica sand in
permeable zones) in water quality borings that are less than 250 ft deep
and with a standing water depth of less than 150 ft.

* 6.25-in. I.D. hollow-stem augers will be used to advance intermediate
water quality boreholes that may require partial abandonment.
Bentonite material must be installed at the base (minimum 2 ft thick) and top
(minimum 2 ft thick) of the backfill interval and must also extend through
impermeable zones. In the permeable zones a minimum of 2 ft of bentonite
material will be installed for every 4 ft of silica sand. If the backfill interval is 10
ft or less then bentonite will-be the only backfill material utilized.

New monitoring wells will be developed by alternatively surging and purging the
wells for a minimum of 30 min. using a bailer. After the surge and purge cycles
are completed, the well will be pumped until 10 well volumes are removed or
until the pH and specific conductance of water from the well has stabilized. The
disposition of purge water is discussed in Section 3.2.1.3 of the FSP.

To minimize potential inadvertent contamination by drilling and sampling
equipment, and/or inter-borehole contamination, steam cleaning will be used
between borings (except between borings at a well nest). The drill rig and drilling
tools will be steamed cleaned before mobilization onto the site, and will be steam
cleaned between each boring. The split spoon sampler will be cleaned in a
liquinox or non-phosphate detergent solution between monitoring well boreholes
except at well nests. The disposition of decon water is discussed in detail in
Section 6 of the FSP. PVC and stainless steel well pipe and stainless steel screen
will be steam cleaned or washed with a high pressure hot water washer prior to
installation. ,

5.4.3.3 In Situ Hydraulic Conductivity Tests - Hydraulic conductivity will be
measured by baildown testing in water table wells and/or by air pressure methods
in deeper piezometers. The Bouwer anrd Rice Method (1976) will be used to
analyze the baildown test data. The methods to be used are as follows:

* Measure water level with a tape and sounding device or electronic water
level indicator. '

-
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* Place the pressure transducer into the well and allow approximately three
minutes for the probe to equilibrate to the water temperature and pressure.

+ Install the well head pressure device to seal the well head (for piezometers
only).

.’
» Enter the reference water level into the data logger and check the water
level using the pressure transducer until water level reading is stable.

« After a stabilized water level readi‘ng is obtained from the pressure
transducer, the well (piezometers only) is pressurized with sufficient air
. pressure to displace several ft of water (0.4 PSU/ft of water).

* Air pressure is maintained until the water level reading from the transducer
is constant (for piezometers only).

* The air pressure is then mstantaneously released while running the
pressure transducer recorder in the log samphng mode (for piezometers
only). ‘ : )

* At water table wells a single bailer of groundwater is removed to reduce
the water level, while rccordmg the pressure transducer rcadmgs with the
data logger.

* The test results may be immediately printed out to obtain a hard copy.
* Data are transferred from the data logger to a computer for analysis.

5.4.3.4 Water Level Measurements - Water levels in existing and new
monitoring wells will be measured. An electric water level indicator will be
lowered into the monitoring wells until the water level is reached. Depths will be
recorded to the nearest 0.01 ft. ,

5.5 SURFACE WATER AND SEDIMENT INVESTIGATION

5.5.1 Objective ' .
The objective of this activity is to determine surface water drainage patterns at
and around the site. The staff gauge measurements will be used in the general
assessment of site water levels and the affects of surface water/groundwater flow
interactions. ‘

\
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5.5.2 Personnel and Rmponsibilities

A survey crew or field technician will install three staff gauges in the Rock River.

A technician will measure water levels. A scientist or engineer will 1dcnt1fy and
map drainage patterns.

5.5.3 Methods

Staff gauges will be metal rods with a scale in hundreds of feet. The gauge will
be installed at least one foot into the river sediments, or until stable, so the scale
extends at least one foot above and below the water line. The reference line on

“each gauge will be surveyed for location and elevation. Surface water level-

measurements will be obtained at the staff gauge locations concurrently with
groundwater level measurements. Measurements will be made by reading the
wates level mark on the staff gauge and subtracting the measurcmcnt from the
staff gauge reference elevation. .

A scientist or engineer will visually locate, identify, and map drainage patterns at
‘the site. The drainage patterns will be plotted on a drawing developed from the
site base map. The data will be used to assess the potential for erosional transport
of contaminants off-site.

5.6 SURFACE SOILS ASSESSMENT

5.6.1 Objectlye
The objective of this activity is to assess the potentxa.l for direct contact exposure
to contaminated surface soils.

5.6.2 Personnel and Responsibilities

A geologist will collect surface soil samples at the twelve shallow boring
locations and the background location. The background location is anticipated to
coincide with the background monitoring well location. A scientist or engineer
will identify the erosion potential of surface soils for assessing the surface soil
contamination pathway.

5.6.3 Methods -

An inspection of the site will be conducted Surface soils will be observed and
monitored with a PID during sampling activities. Based on this site inspection
and analytical data collected during Source Characterization and Migration
Pathway Assessment activities, the need for additional surface soil sampling will
be determined.
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\ 5.7 AIR ASSESSMENT

5.7.1 Objective
The objective of this activity is to assess the potenual for release of contaminants

to air.

5.7.2 Personnel and Responsibilities
The geologist/engineer on each drilling rig will monitor air quality usmg a PID
during‘soil borings and monitoring well installation.

5.7.3 Methods -

. Air quality will be monitored using a PID. Monitoring results above background
will be recorded in each individuals field logbook. Monitoring during intrusive
activities is assumed to approximate "worst case conditions”, when potentially
contaminated soil or waste is exposed to the atmosphere.

5.8 GROUNDWATER SAMPLING

'5.8.1 Objectives .
The objective of groundwater samplmg is to determine the nature, magmtudc and

extent of groundwater contammanon \

[

' 5.8.2 Personnel and Responsibilities
A crew of two technicians will collect samples.

5.8.3 Methods

Groundwater sampling will proceed from wells expected to have the lowest
contaminant concentrations (based upon observations during drilling and existing
groundwater quality data), to the wells suspected of having the highest
contaminant concentrations. Each sampled well will be purged immediately prior
to sampling using a submersible sampling pump at a high pumping rate. A packer
will be used in all wells screened below the water table, and inflated witHin the
stainless steel riser so as to seal off the PVC riser.

The volume of water removed from the well will be measured so that a minimum
of three volumes are removed. Specific conductance, temperature and pH will
also be monitored for stabilization during purging. After well purging has been
completed, the pumping rate will be decreased to approximately 100 ml/min and
the VOC sample collected directly from the pump discharge. Sample bottles,
filtering, and preservation will be as specified in Table 1-2 of the QAPP.

The disposition of purged water is discussed in Section 3.2.1.3 of the FSP.
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The sampling equipment and water level measurement tape will be cleaned
between wells with a Liquinox or another non-phosphate detergent solunon and
rinsed with deionized water. Decontamination of the pump and tubing will
consist of pumping the decon solution into the wash tanks for several minutes.
The pump will then be moved into the rinse tank and pumping will resume with
rinse water.

Groundwater sample blanks will be collected by pumping deionized water
through the sampling pump into the sample bottles. Matrix spike/matrix spike
duplicate samples will be collected using the same sampling device. Duplicate
samples for volatile organics analysis will be obtained by alternately filling VOC
vials from the pump. The remainder of the sample will be split between the
principal sample and the duplicate sample.

[mad-603-15g]
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DECONTAMINATION PROCEDURES |

Procedures to be followed to dccoﬁtaminate equipment and personnel are
described in the Site Health and Safety Plan. The procedures are summarized
below. ‘ :

Site Personnel Decontamination Procedure:

Equipment drop;

Wash outer booties and rinse;
Dispose of outer latex booties;

Wash boots in Liquinox bootwash;
Clean outer gloves in Liquinox wash solution (discard if too soiled to clean
thoroughly);

Dispose of polycoated Tyvek suits;
Dispose of surgical gloves;

Wash hands in hand wash;

Wash face and neck in face wash; and
Clean and sanitize face mask.

Site personnel will perform the above mentioned decontamination procedure prior
‘to leaving the site. Discarded clothing and other articles will be collected in
double-lined, heavy duty garbage bags.

Equipment and vehicle decontamination procedure:

* Decontamination will be performed prior to site entry;

* Decontamination will be performed on site;

* Gross contamination will be removed with a brush and Liquinox solution;
and

* Steam cleaning or hot water high pressure washing will follow. '

The drilling equipment will be steam cleaned or high pressure hot water washed at

the temporary decon facility and between boring locations prior to exiting the site.

Another area, located away from the equipment decontamination area, will be

designated as a site personnel decontamination area.
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Decontamination will include steam cleaning or hot water high pressure washing
the drill rig, drilling equipment, and tools between boreholes, and detergent
washing and water rinsing.the. split spoon samplers after each collected sample.

The drill rig and equipment may also require scrubbing of accessible parts with a
detergent/water solution. Well materials will also be steam cleaned or hot water
high pressure washed and wrapped in plastic until installed. The bailer cable,
trowels, spatulas, stainless steel bucket and water level measurement tape will be
cleaned with Liquinox or another non-phosphate detcrgcnt solution, and rinsed
with deionized water.

All decontamination water will be captured by the decontamination pad, pumped
into appropriate storage containers and then routed to the local POTW for
treatment, assuming that approval can be obtained from the POTW. If approval
can not be obtained, these materials will also be contained, stored in a secure area
on Beloit Corporation property and disposed of at the time of the final remedy.

[mad-603-15h} . \
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SAMPLE HANDLING
AND ANALYSIS

7.1 PAMMEWM

Samples collected for chemical analysis will be analyzed by a laboratory
approved by the U.S. EPA Region V Contract Program Management Section
(CPMS). Chemical parameters for which groundwater will be analyzed are: .

U.S. EPA CLP TCL organics;

U.S. EPA CLP TAL inorganics;

Field pH; ,

Field-specific conductance; N
Chloride;

Sulfate;

Alkalinity;

Total phenolics;
Nitrate-Nitrite nitrogen.
Ammonia nitrogen; and
Total dissolved solids.

[ ) [ J L [ ] [ ] [ ] [ L] [ [ [ ]

Measurement of pH, specific conductance, and temperature will be performed in
the field. The groundwater samples to be analyzed for U.S. EPA CLP TAL
metals will be field filtered with 0.45 micron filters, as soon as possible after

. collection. Shallow soil boring samples (soil) will be analyzed for U.S. EPA TCL

and TAL parameters. Select samples from monitoring well installation borings
will be analyzed for grain size by a soils laboratory.

7.2 SAMPLE PRESERVATION

Samples will be collected and preserved in a manner appropriate for the analyses
they receive (see Table 1-2 of the QAPP). The portion of groundwater samples
requiring field filtering prior to analysis (see Table 1-1 of the QAPP) will be
filtered using a pressure filtration device, through a 0.45 micron filter, as soon as
possible after collection. Filtered portions of the samples will be preserved, as
appropriate, immediately after filtration. Sample fractions will be preserved
before shipment according to the procedures shown in Table 1-2 of the QAPP.

1
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Preservatives added to the samples will be prepared using reagent grade-
chemicals. Table 1-2 of the QAPP should be consulted for details regarding

sample packaging and shipping.

[mad-603-15i]
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SAMPLE DOCUMENTATION

i’icld sampling activities will be documented using a bound waterproof

" notebook/logbook. Information recorded in the field logbook will include date of

sampling, sampler, weather conditions, observations, and methods of
preservation. Additional data pertaining to sampling may also be included in the
logbook.

Samples will be collected under chain-of-custody procedures. Standard forms -
including sample labels, sample tags, chain-of-custody forms, and custody seals
used for sample tracking will be maintained (see attachments). A brief
description of sample documents follow:
A. Chain of Custody Form

1. One form per shipping container (cooler).

2. Carrier service does not need to sign form, if custody seals remain intact.

3. Use for all sz'lmplcs.
B. Chain-of-Custody Seals

1. Two seals per éhipping container to secure the lid and provide evidence
that samples have not been tampered with.

2. Cover seals with clear tape.
3. Record seal numbers on Chain-of-Custody Form.
4.’ Use for all samples.
C. Sample Tags
1. Each sarﬁplc container must have a sample tag affixed to it.

2. Sample tzig numbers are recorded on the Chain-of-Custody Forms.
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3. Use for all samples. | k wd
D. Sample Identification Record Form will: " ' : J

1. Provide means of recording crucnal sample shlppmg and tracking
information. ‘ , | ol

b

2. Contain information such as:

| &

* Sample number
* Sample matrix y
* Sample location code i
* Sample round
* Chain-of-custody number 'y
e Lab code o
* Date sampled
* Date shipped v
,° Airbill number ™
* Sampling tag number ,
, . ¥
Paperwork accompanying the samples being shipped to the laboratory will be |
sealed in a plastic bag that is taped to the inside of the cooler lid. Copies of the -
¢hain-of-custody forms, and other paperwork (if possible), will be retained with . d
the field files. A )
Two sample seals will be placed on opposite sides of the lid and extending down - o

the sides of the cooler. The lid will be securely-taped shut prior to shipment.
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Activity

TABLE 1

SUMMARY OF DATA GENERATING ACTIVITIES
AND ASSOCIATED QUALITY OBJECTIVES
BELOIT CORPORATION ROCKTON FACILITY

ROCKTON, ILLINOIS

Use of Data ~

JASK I
Site Mapping

Evaluation of Existing
Monitoring Wells

- JASK 2

SOURCE CHARACTERIZATION

E1e¢trouagnetic/
Magnetometer Survey

Soil Gas Survey

Shallow Soil Borings
and Soil Sampling (surface
and subsurface soils)

' areas.

Prepare a site base map for use in
developing other maps showing RI/FS data.

Assess the condition of existing wells
at the site. Supplement the evaluation
of geologic conditions at the site.

Assess the presence and location of
buried metal drums and/or underground
storage tanks.

ldentif¥ potential contaminant Source

o optimize placement of groundwater
quality and soil borings. )
Collect surface and subsurface soils

and quantify contamination in

potential source areas.

Data Quality Objective

Accurately depict existing conditions, and
prepare accurate Rl data interpretation
presentations.

Identification of wells to be used during
the RI.

Obtain consistent relative differences
among sampling points.

Identification of VOCs present in soil gas
samples. Obtain relative differences among
sampling points.

Identification of compounds present at

source areas. Meet performance criteria for

TCL parameters for organics and TAL

8:rgmeters for inorganics as stated in the
PP.




Activity

“TABLE 1
« (continued)

Use of Data

Page 2 of 3

Data Quality Objective

MIGRATION PATHWAY ASSESSMENT
Hydrogeologic Investigation

Deep'and Intermediate
Groundwater Quality
Borings ‘

Monitoring Well
Installation and
Replacement

Hydraulic Conductivity
Testing )

Groundwater Level
Measurements

A}

Location and Elevation
Survey .

Surface Water and
Sediment Assessment

Air Assessment

befine hydrostratigraphy, subsurface
geology and the potentiai for
preferential groundwater flow pathways.

Characterize site geology and
hydrogeology. Obtain groundwater

* samples for assessment of contaminant

migration’pathways.

Assess hydraulic conductivity rates at
the site.

" Define site water table and groundwater

flow directions. Evaluate vertical and
horizontal hydraulic gradients; assist
in evaluation of potential changes in
contaminant migration.

Locate soil borings, monitoring wells
and other sampling locations.

Eva1uate\drainage patterns and runoff
characteristics.

Assess air migration pathway through
health and safety monitoring during site
activities,

Screen the vertical extent of contaminant
migration. Meet the performance criteria for
methods described-in the FSP, '

Meet performance criteria for methods
described in the FSP. Accurately
and consistently describe the distribution of

_unconsolidated deposits.

Obtain valid test results.

Accurate water elevation measurements to
the 20.01 ft.

. Locate sampl‘inglgoints to an accuracy of

x1 ft horizontally; and monitoring wells
to an accuracy of #0.01 ft vertically.

Inspection of the site by a qualified
scientist.

Accuraté collection of data with health and
safety monitoring instruments.




Activity

TABLE 1
. (continued)

Use of Data

Page 3 of 3

Data Quality Objective

Contaminant Characterization

Groundwater Sampling

TIK/km1/JEM/KID/KJIQ
[mad-403-09]

Provide preliminary assessment of
contaminant source impact on groundwater
quality, and to aid in assessment of
groundwater migration pathways.

Meet performance criteria for TCL organics
as stated in CLP SOP's. Meet performance
criteria for inorganics and general water
quality indicator parameters stated with
method descriptions in the QAPP.

%
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Electromagnetic Concuctivity Meter
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INTRODUCT ION

Mcasurement of ground resistivity is one of the oldest
geophysical teéhniques.‘ Table 1, taken dircctfy from
Heiland*, lists t}pical values of resistivity for

a variety of geological materials (pages 4-7). The
values given are in ohm-centimeters and must be divided
by onc hundred to give ohm-meters. o X

It will be observed-that in most cases the actual
resistivity itself is not diagnostic and a knowledge of
the way in which the resistivity varies laterally and
with depth is of great impdrtance, since this permits

-us to "see" features as a result of their shape rather

than their actual resistivity values. There is thus a
requirement for instrumentation which permits the rapid
and accurate measurement of terrain resistivity. Since
the EM31 does not require electrical contact with the
ground it fulfills this objective.

The basic principle of operation of the EM31 is simple.

With reference to Fig. 1 a transmitter coil located at

one end of the instrument induces circular eddy-current
loops in the earth. Under certain conditions fulfilled
in the design of the EMslithe’magnitUQG of any one of
these curtfent loops is directly proportional to tﬁe
terrain conductivity in the Vicinity of that loop. Each
one of the current loops generates a magnetic ficld

which is proportional to the value of the current flowing
within that loop. A part of the magnetic ficld from

each loop is intercepted by the recciver coil and results
' | : ' ; |

Publishing Co., New York 1968
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—~— CURRENT LOOPS

¢

T - TRANSMITTER COIL
R - RECEIVER COIL

Fig.1 INDUCED CURRENT FLOW IN GROUND

INTRODUCTION (cont'd)

in an output voltage which is therefore also linearly

related to the terrain conductivity.

This instrument i's calibrated to read the correct con-
ductivity when the earth 1is uniform. In the event that
the earth is layered, with eachnlayer of different con-
ductivity, the instrument will read an intermediate
value as discussed in morc detail in Section 5.2.

The'unit of conductivity used is the millimho per meter.
To obtain resistivity in ohm-meters the instrument

reading is divided into 1000 - i.e., & reading of four
millimhos per meter dividedrinto 1000 gives two hundred

and {ifty ohm-meters.

\
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N
Theorétical calculations show, as will be Quickly evident
to the.operator, that the rcading obtained is essentially
independent of the orientation of the instrument with res-
pect to the earth. There is, however, a small dependence
on the height above the ground; lifting the instrument
from the surface of a uniform earth to the normal opera-
ting height of about one meter results in a reduction in
the reading of 12%. The calibration has been adjusted at
the factory so that the instrument reads correctly over a
uniform haif—space when worn'as shown in the data sheet.
If the earth is layered, raising the instrument from the
surface of the earth to the normal operating position can
result in a reading which stays constant or even increases
slightly with height. -In general, readings made with
the instrument at hip height will be sufficiently
accurafe, but for maximum atturgcy the instrument can be
laid on the ground as discussed in Section S.2.

TN

There are two components of the induced magnetic field
measured'by the EM31. The first is the quadrature-phase
qgmpgggg&;gﬁigh;g;ggglthé ground _conductivity measurement
ggwgggggiggg; The second is the inphase_component used
primafly in_the EM3! for calibration purposes. The
inphase,compohent however is significantly more sensitive
to large metallic objects and hence very useful when-
looking for buried metal drums. Although this component
has been available in the standard EM31 by operating in

the compensation mode (Section 2.2), both components are
now available in thé'ﬁM31¥D ffom an analog output conncctor
when coupled to a dual channel recorder.

"
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Measured Quantities

Primary Field Source
Sensor ‘
Intercofl Sbacing
Operating Freqﬁency

Power Supply

Conductivity Ranges
Measurement Precision
Measuremgnt Accuracy
Noise Level

Operator Controls

Analog”Output

Dimensions

!

Weight

LM31-D1 SPECIFICATIONS

()

(2)

N

Apparent conductivity of the
ground in millimhos per meter

Inphasc component of the induced
magnetic field -

Se1f-contained dibole transmitter
Self-contained dipole receiver
5.66 meters ‘

9.3 kHz

$ disposable alkaline 'C' cells

~ (approx. 20 hrs life continuous use)

3, 10, 30, 100, 300, 1000 mmhos/meter
+ 2% of full scale

'+ 5% at 20 millimhos per meter

<0.1 millimhos per meter

-Mode Switch

«Conductivity Range Switch
-Phasing Potentiomcter
-Coarse Inphase Compensation
-Fine Inphase Compensation

Connector on EM31-D for dual channel
analog recording of ground
conductivity and inphase component

Boom 4.0 méters extended
‘ 1.4 meters stored
Console : 24 x 20 x 18 cm

Shipping Crate: 155 x 42 x 28 cm
/ - .

Instrument Weight: 9 kgm
Shipping Weight: 23 kgm
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OPERATING INSTRUCTIONS

The EM31 can be used both to measure the electrical
conductivity of the ground gnd to detect buried
metal objects. Section 2.1 describes the procedure
for«measufing ground’conductiviiy and section 2.2
for buried metal detection. ~ .

Ground Canductivity Measurements

Initial Set-up Procedure

Using the identifying labels on the tubes select.
~the transmitter coil tube, align it with respect.
to the main tube, insert it and fix it with the clamp.

Check the battery condition, plus and minus, by
setting the Mode switch (MODE SELECTOR SWITCH) to the

. OPER position and the Range switch to the +B and -B

positions respectively. If the needle reads inside

the BATT mark on-the meter, batteries are in good
condition, otherwise replace the batteries with a fresh
set of C size alkaline battéries.

Check the zero reading by setting the Mode $witch
to the OPER position and the Range switch to the
least seﬁsitive‘position 1,000 mmhos/meter (this
minimizes any external noise interference while
checking the zero position). If a iero adjustment
is required édjust the DC ZERQO CONTROL 1located
under the front panel to obtain a zero reading.

To do this the battery pack must be removed to gain
access to the controls;

|
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Align and connect the receiver coil tube to the main
frame tube. The instrument is now ready to proceed

with the functional checks. ‘ /
Equipment Functional Checks

The Range switch should be set at 30 millimhos/meter
position for all the following tests. (If the |
reading is off scale, i.e., greater than 30 millimhos/

meter, see note.)

Set the Mode switch to the COMP pqsition-and adjust
the meter reading to zero using the COARSE and FINE

COMPENSATION controls.

To check the phasing of the instrument set the Mode
switch to the PHASE position. Note the meter reading
and rotate, the COARSE control one step clockwise."
If the meter reading remained the same, the phasing
is already correct; return the COARSE control to its
original'position fone step counter clockwise) and

no further adjustment ‘'is necessary.

I1f there wés a difference in the meter readings

taken before and after the COARSE control was

rotated one step clockwise then'a phase adjustment

1s required. With the COARSE control.in its original
position adiust theé PHASE potentiometer about 1/4 turn
clockwise and note the new meter reading. Rotate

the COARSE control one step clockwise, take a reading,
and return the COARSE control to its original position.
If the difference in meter rcadings has decreased, repeat
the procedure using a further clockwise adjustment,
until rotating the COARSE control the one step
clockwise produces no change in the meter reading.

E——— e —————— - - ’3
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If, on the other hand, the difference in meter
readings was increased, thé PHASE potentiometer
should be rotated in a counter clockwise direction
instead and the‘procedure described above repeated
until there is no change in the meter readings.
Always remember to set the COARSE control back to .
its original position. This can’be confirmed by
setfing the Mode switch in the COMP position and
checking that the meter recads zero. If it does not
read zero, repeat steps (a) and (b).

To check the sensitivity of the instrument, set the Mode

switch to the COMP position and rotate the COARSE control’

clockwise one step. The meter should read between 75%
and’ 85% (22 to 26 millimhos/meter) of full scale ‘
deflection (inside black mark). It is unlikely that
the sensitivity of the instrument will vary, however

it may be useful to record the actual meter reading

for comparison at a later date. ' |

Return the COARSE switch to its original position and

the EM31 is now ready to make ground conductivity
measureménts.

When conductipg the functional tests over ground

of higher conductivity than 30 millimhos/meter, the
Range switch should be set at the appropriate level.
At whatever level the.Range switch is in, the reading

taken in (c) should still be between 22 and 26 millimhos/
meter. ‘
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‘Operating Procedurc

Wearing the instrument with the shoulder strap
adjusted so that the instrument rests comfortably.
on the hip as shown, switch the Mode switch to the
OPER position and rotate the Range switch so that
the meter reads in the qppcf two thirds of the scale.
The full scale deflection is now indicated by the
Range switch and the instrument is reading the
terrain conductivity dir?ctly in millimhos per meter.

The EM31 can be opera;ed continuously while moving
from one measurement station to the next however,
the instrument has a time constant of about one
second for which the operator should adjust his
walking speed to obtain greatest accuracy.

Alternatively, to extend bdttcry life the instrument
can be switched on at ecach measurcment station when

not using a recorder. The operator will swotice that
the type of integrator used results in a slight initial
overshoot of the needle at turn on. This' is normal,
and that at Jeast two seconds should be allowed after

turn on beforc the measurcment is taken.




EM31

2.2.1.

a)

b)

MANUAL Page 13

Buried Metal Detcction

Set-up and Operating Procedure -

The inphase component of the magnetic field

is significantly more scn51t1ve to large metallic
objects.than the quadrature- phase component used for
ground conductivity measurements.

The inphasé‘component,is‘readily mgaSured with the
EM31 by simply taking the reading with the Mode
switch in the COMP position rather than 1n the
OPER position. !

It is recommended that the 30 mmho/m range be used
since it usqdlly gives adequate sehsitivity, however
more or less sensitive positions of the Range switch
may also be used. '

To ca}ry out a survey measuring the inphase component
set the Mode switch to the COMP position and adjust

the COARSE and FINE compensation controls so that

a meter de?lection of about 20% of full scale deflection
is obtained. (The proceduré.of adjusting to 20% of

the full scale deflection rather than to zero is only

a convenience to allow for negative readings oh the
meter and under certain conditions a possible change

in the reference Ievél For example, a sudden jar to
the instrument can result in a small p051t1ve Or negative
change in the inphase reference level).

The survey is then carried out exactly as if the
conductivity were being mcasured.
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This lack of a true zero reference should not
causc any serious problems since when using the inphase

' component one is usually only looking for buried metallic

objects.

!

These will be easily rccognizable by relatively
localized meter deflectionk‘otcuring either singly or
in a series of responses depending on the number of
lburied\objects, their spacing and depth of burial.

"The 20% offset should only be used when the inphase

component only is being measured continuously. If

both conductivity (quadrature phase) and inphase
measurements afe being made at each station the
procedure descrlbed in 2.1.2 (a) should be used so

that accurate ground conductivity measurements are
obtained. If negative inphase measurements are obtained
one should check the inphasé reference level and/or

the area for buried metallic objects or utilities.

51m1lar1y when the dual channel recorder is being used
there $hou1d be no zero offset as desczlbed in 2.2.1

'(b) and the meter reading set to zero using the COARSE

and FINE controls as described in 2.1.2 (a). = .

A zero offset for negative inphase readings can however
be allowed for on the recdrdér by setting the zero
position of the pen at some arb1trary positive value
when ca11brat1ng the recorder.’

INSTRUMENT CALIBRATION v .

Prior to shipping, the instrument is calibrated in the
factory to read properly. If necessary, calibration
procedures are easily carried -out as described below.

IMPORTANT The most critical adjustment is the QF
xquadrature fine) potentiometer which has been

precisely adjusted at the factory.

-y ——
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. v

Before any,adjustments arc made it is strongly
recommendcd that the instrument first be set up at
a fixed height over a known location and the'ground
conductivity carefully noted. If this adjustment
is misaligned the instrument will have to be
recalibrated over ground of known conductivity.

Null Calibration

.

The zero setting of the EM31 can be rcadily set by
following the procedure described in section 2.1.1

(c). : g

Absolute Calibration :

‘Absolute instrument calibration is easily achieved if
an area of ground is available of known and constant
conduct1v1tv down to the depth of penetration of the
instrument. ‘'The procédure is simple; the instrument
is located over the known area at the usual operating
height (approximately 1m) and the QF compensation
control is adjusted until the meter reads the correct
terrain conductivity. If the ground conductivity

is high the graph of Fig. 3 must be used to correctly
set the instrument reading.

It is wise to maintain such an area as a callbratlon
check area even if the variation of the conductivity
with depth at that area is not accurately known.
This is useful for cross checking with future
measurements. '

’

Note:

The QF and NULL controls arc locatcd under the

front panel. “Battery pack should be removed to have
access.
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| 4.  SURVEY TECHNIQUE
Vo
- ‘Surveying with the EM31 is straightforward. As pointed
) out in a previous section, measurements may be madg
- either continuously or on a station-by-station basis.
: In either case it is always recommended, as for any
ﬁj other geophysical survey, that survey lines and measure-
- ment stations be carefully laid out, and the survey
;ﬂ performed in a systematic faéhion with the resulting data
et accurately plotted for each.méasuremeqt station. The
P most common survey error is to have the survey lines too
Lé short, in which case they do'ndt extend sufficiently far
- off the, supposedly anqm;lous region to permit the opera-
“ tor to establish the background valygs of terrain conduc-

tivity.

:(ﬁf;

The EM31l yields good spatialiresolution and measuremenh,
stations should be ten meters apart if the maximum reso-

__,,.

Nt

. lution is to be employed. 1In many cases. this spacing
will be Smalle; than necessary, and twenty or perhaps

£

forty meters will be adequate. The decision as to the
correct spacing will be based on a knowledge of the

S AT

lateral dimensions of the'anticipated reéistivity anomaly.
To ensure‘thé correct spacing it is useful, at the start
of the suréey; to continuously observe the conductivity'
values that are encountered as.the operator moves down

the survey line.

The resolutlon in conductivity of the EM31l is also hlgh
with changes of S% being qulckly percelved This instru-
ment is capable of giving an. extremely precise survey
with information on small variatlons in the terrain

.conduct1v1ty

g
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SURVEY TECHNIQUE (cont'd)

It was seen in Section 1 that current flow within the
earth consists of a series of concentric circles, assuming
that Lhe conductivity is laterally uniform. Therefore

in the case of a uniform half-space, rotation of the
instrument én a horizontal plane about the transmitter

.coil as a pivot will produce no changé in the meter

reading. Conversely, any change in the reading as this
procedure is carried out is an indication of lateral
inhomogeneities in conductivity. It is simpler and usu-
ally sufficiently accurate for the‘operatdt to rotate
the instrument through 90° using himself as pivot at

each measurement station. Thus if the lines are in a

north-south direction the operator would normally walk
along the line with the instrument pointing in a north-
douth direction; at each measurement station he can also
take a reading‘with the instrument pointing east-west

to check that this is essentially the same as the north-
south 'reading. - In—the event that this reading is signi-

(A2 L.l

ficantly different it may be worthwhile for the operator

. .

to.then_rotate the instrument -to the points _where the
conductivity rgadipg“gi_égggmgamaximnm_and_a_ndnimgmi,
and to record both values. The average value can then

be used.for the data reduction.

The EM31 is somewhat sensitive to underground conductors
such as large pipes, etc. These are usually easily
recognized by the large meter fluctuations which occur

-

within a short distance, as shown in Fig. 2. 1In an

éctual survey, since the negative-going peak is often

"off~scale, it is not possible to use it to locate the
" pipe:; finding the point half way between the two positive-

\
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SURVEY TECHNIQUE (cont'd)

going peaks approximétely performs the same task. It

is then possiblé to accurately determine the location

and strike direction (azimuth) of thelconductor axis

as follows: the approximate location is determined as
above, and a traverse is then made over the conductor \7
with the EM31 pointing in the approximate direction -
of the cdndugtor axis. 'The meter reading will now be

a positive maximum when the\instrument is both directly
over the conddétor and pointing accurately along the
conductor axis.

The instrument is relatively unaffected by fences, over-
head power lines, and other nearby metallic objects.'

In orger to determine whether the reading is influenced
by such structures the operator should rotate the instru-
ment to check for changes in reading, becoming suspicious
if a maximum d} minimum occurs when the‘ingtrument points
either perpendicular or parallel to the structure. Before
recording tﬁé measurement the operator should move away
from the structure until no evidence of lateral inhomo;
geneity is seen when the instrument is rotated.

It should be remembered that the EM3l is an electromag-
netic tool and care should be taken near obvious conduc-
tors until'thefoperator has satisfied himself as to

their possible affect. 1In everf case this is determined
by rotating the instrument and determining whether there
i$ a maximum and minimum which appears to be realted to
the structure. If a structure is giving such an effect
it is not advisable to take the average value 6f the‘two

readings as an indicator of the terrain conductivity. -

’
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SURVEY'TECHNIQUE (cont'd)

In general the. conduct1v1ty readlngs obtained with the

EM31 Wwill vary smoothly from one reglon to another. In -
some cases however, as for example where a well defined
&ertical contact separates a poor conductor from a very

‘good conductor, edge effects ﬁay be seen in ‘which the‘

readings vary rapidly with position and are no longer a
good indicator of the terrain conductivity. Edge effects

‘may also occur where a very good conductor (a few ohm-

meters or less) has dimensions of the order of the inter-
coil spacing, and again the indicated readings may not
accurately reflect the.true terrain conductivity. 1In

‘any circumstance where the apparent conductivity varies

significantly in a distance whi¢h is short compared with
the intercoil'sbacing the possible presence of edge ef-
fects or local subsurface conductors must be considered.
. . '

Finally, particﬁlarly during mid-summer afternoons,
electrical static (electromagnetic radiation from local
or distant-thunderstorms) may cause the meter readings'
to become noisy. This iS'usually evidenced by sudden
flicks of the meter needle, however in very severe cases
the meter may simply wander about an average readlng.
Should this occur it is recommended that 'measurements |
cease until the "spherics® are over, usually later in
Similarly, noisy readings may also be

'

the afternoon.
noted when making measurements near large power lines.
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DATA INTERPRETATION

Uniform Halfspace

The EM31 has been designed to operate,over/a range of
resisﬁivities from a few ohm-meters to thousands

of ohm-meters. For smaller resistivities the instrumental
response departs from linearity as shown in Fig. 3, where
it will be seen that up to one hundred millimhos per meter
the indicated conductivity (oa) closely approgimates the
true conductivity. A departure from linearity is evident
for true conductivity greater than one hundred millimhos
per meter and beyond one thousand millimhos per meter the
instrument response decreases with}increasing conductivity.
As stated in the introduction, it is dénerally more infor-
mative to observe the spatial variations of terrain con-
ductivity rather than the absolute value of conductivity
itself. Fig. 3 shows that as iong,as the terrain conduc- .
tivity does not fall below five hundred millimhos per

‘meter (2 ohm-meters) the instrument will be adequately

sensitive to ‘small changes in conductivity although it
does not read the actual value, of conductivity accurately.
If necessary, Fig. 3 cép be used to correct values of in-

dicated conductivity to actual conductivity.
\

It should be noted tkat the graph refers to the worst
case viz that of the uniform . halfspace. If only a por-
tion of the subsurface ground beneath the instrument is
of high conductivity as in the case of'horizontal
layering, the influence of the high conductivity layers
will be proportionately reduced and the indicated conduc-
tivity will ‘accurately read the "apparent conductivity"
as defined in the following section.
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Multi-Layered Earth

A geophy51cal model that is of particular importance is
the horlzontally layered earth, and the EM3l.allows a

very simple interpretive technique for this model. 1In
order to utilize the model the terrain layeriﬁg must be
well defined and constant over a lateral distance of at
least five meters in any direction from the instrument.
This condition is often satisfied and this fact is res-
ponsible for the usefulness of the technigque described

herein.

Fig. 4 is a plot of "R(Z)", a function which deséribes
the cumulative relative contribution of all of the
materiai below a depth Z to the instrument reading. »
Thus if we multiply this function by one hundred (so as
to yield percent) all of the ground below a depth of
two meters yields 59% of the response, the ground below
three meters yields 47%, the ground below six meters
vyields 29%, etc., assuming Ehat the conductivity itself

does not vary with depth.

The algebraic expression given on the figure illustrates
the technique which is used to calculate the "apparent

conductivity" that will be measured by the instrument

- for any number of layers, for any values of'conductivity

and for any thicknesses. Considér for example Fig. 5,
which illustrateswin cross section a buried river valley
cut into shale and subsequently infilled with glacial
till. We wish to calculate the instrument response as
such a structure is traversed. This is a two layer
problem and the expression for the apparent:conductivity

reduces to:

a _ _ .
— = 1.000 R(Zl) + sz(Zl) (1)

e

.
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5.2 Multi-Layered Earth (cont'd)

The table accompanying the figure shows the calculations
which yield thevvalue of apparent conductivity at various
thicknesses of the upper layer. Thus as we traverse such
a structure we would find that the apparent conductivity
fell from 32.6 millimhos per meter at a large distance
from the buried river valley to 16.0 millimhos per meter
at the center of the valley.

Fig. 6 illustrates a second situation where now the ob-
jective is to locate bedrock highs within muskeg. This
is again a.two layer case and the table illustrates the
calculatioqs to determine 'the apparent conductivity.

For this configuration, i.e. a conductor on top of an
insulator and k2 a small quantity, the meééured apparent
conductivity becomes relatively independent of the actual
value of the conductivity of the lower layer. For k2<< 1,
the apparent conductivity simply becomes a function of

the thickness of the upper conductive layer.

.

Finally a third example is given in Fig. 7. In this case
we wish to traverse a thickening gravel deposit; the max-
imum thicknes; is such that the instrument still responds
to material below,the deposit. This is an example of the
situation of an insulator sandwiched between two conduc-
tors and is inevitably the most difficult geometry for
electromagnetic systems to detect, as evidenced by the
tabulatéd values of apparent conductivity. Even at a
thickness of five meters (station D) there is still sig-
nificant response from the till beneath»the deposit and
this response tends to keep the apparent conductivities
high. ' ' '
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0'2= 40 mmho g_: = l’OOO"R(Z.)'l’ ke R(Z‘) Q)
| L T ' - O .. 40
kz - O.l - 8 5
Zl = 1m, Oa = 8(1.00 - 0.77 +(5 x 0.77)) = 32.6 mmho/m
le = 2m, o, = 8(1.00 - 0.59 +(5 x 0.59)) = 26.9 "
zl = Sm, o, = 8(1.00 - 0.33 #(5 x 0.33)) = 18.6 "
Z1 = Tm, o, = 8(1.00 - 0.25 +(5 x 0.25)) = 16.0 "

Fig.5 CROSS SECTION BURIED RIVER VALLEY
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pll ., z, 9
BEDROCK O 1 mmho/m K, = (3)—3- = 0-0033

Z, = 5m, 0, =30(1.00 -~ 0.33) = 20.1 mmho/m
= 3m, oa=30(l.00 - 0.47) = 15.9 "

Zl = 1lm, .qa=30(l.00 - 0.77) = 6.9 "

I Fjé.G CROSS SECTION BEDROCK HIGH

A___ B < 0

DT N 0, 20, 11000 R(Z{)+ k,R(Z,) - kR(Zy)+ Ky R(Z,) ]
TILL - o o

. = . . * 5 Gz |
10mmho/m - . . - . - k2 *5° * 70 - 0-10
'0'.’.-'-."-.. .—{Ly 0,
GRAVEL ’ ky= S+ = 100
]
1 mmho/m .
(a) o_=10 (1.00-0.59+(0.10x0.59)=(0.10x0.47)+(1.00x0.47)) = 8.9 mmho/m
(B) °a=1° (1.00-0.59+(0.10x0.59)~-(0.10x0.39)+(1.00x0.39)) = 8.2
(C) 0,=10 (X.00-0.59+(0.10x0.59)~(0.10x0.33)+{1.00x0.33)) = 7.7 .~
(D) oa=10 (1.00-0.59+(0.10x0.59)~(0.10x0.25)+(1.00x0.25)) = 6.9 "

Fig.7 CROSS SECTION GRAVEL DEPOSIT
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5.2 . Multi-Layered Earth (cont'd)

]
The three examples show how to calculate the response of

the EM31 over a variety of geological environments. Since
the instrument operates at a fixed intercoil spacing it

is not possible to completely "sound"” or evaluate differing
conductivity layers with depth. Section 5.3 will show how'
to further resolve the two-layer case, however it is always
useful to be able to calculate the apparent conductivity
which would arise from a given multi-layer model to see
whether that model fits the measured daFa.

Fig. 8 shows the apparent conductivity over the two lim-
~iting cases of a two layer geometry where the conductivity
contrast is very large. In Fig. 8A the upper layer is .
assumed to be very resistive and the figure shows the
apparent conductivity with respect to the lower layer con-
ductivity (assumed known) as a function of the depth below
the surface oflthe lower iayer, for values of k of ten and
infinity. Thus for large k the figure permits the 6perator
to quickly convert the measured values of apparent conduc-
tivity to depth, and to estimate the error if the conduc-

A}

tivity contrast is not infinite.

Fig. 8B perférms the same task for small values of conduc-
tivity contrast. It should be noted that Fig. 8B plots

+ the apparent conductivity with respect to the upper layer
conductivity.. - |
-
It is stated in the data sheet that the effective depth
of penetration of the EM31l is approximately six meters.
Justification fof this claim is shown in Fig. 8 where it
is seen that for either a resistivé (k = =) or conductive
(k = Oz upper layer the apparent conddctivity is still
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Multi-Layered Earth (cont'd)

satisfactorily sensitive to changes in the upper layer
thickness at six meters. The limitation in
resolving further changes in thickness is imposed by

probable variations in the conductivity of either layer.

Geometrical Sounding of Two Layered Earth

It is possible with the EM31 to determine whether the

conductivity increases or decreases with depth by laying

' the instrument on the ground, noting the reading, and

then placing the instrument on its side so that the
meter face is vertical and agaih noting the instrument
reading. The reason for this is that when the instru-
ment is-on its side the new transmitter and receiver
coil orientation with respect t@ the earth causes the
effective depth of penetration of the instrument to be
essentially halved. It should be noted that in this.
configuration the current flow does not exhibit the cir-
Thus let o, be the

apparent conductivity indicated by the instrument on the

cular symmetry shown in Fig. 1.

ground in its normal operating pcsition and let oa' be
the apparent conductivity indicated when the instrument
is lying on its-side. If o, is greater than o, ' we

kpow that the conductivity is increasing with depth and
vice versa. The ability of the EM3l to indicate whether
the conductivity is increasing or decfeasing with depth

is often of considerable diagnostic value.

It will be observed f£rom the above that it is now pos-

sible to obtain two measured quantities at each measure-
ment station.
of two layers, there are three unknown guantities 1i.e.

29

!

In the' event that the earth consists only

K
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Geometrical Sounding of Two Layered Earth (cont'd)

the conductivity of the upper and lower layer and the
thickness of the upper:layer, If one of these is known
it 1s possible, usiné the technique described above, to
determine the other two. More importaritly, when there
is-a large conductivity contrast so that the conductivity
of either the upper or lower layer can be ignored with
respect to the other layer then ié is possible to com-
pletely resolve the‘two layered earth. An example of
the importance of this can be seen in Fig. 8 which gives
the instrumental response as a function of upéer layer
thickness for either a resistive or conductive upper ,
layer. 1In order to use these graphs it is necessary to
know the conductivity of the lower or upper layer res-
pectively, since both graphs are normalized with respect
to these quantities. An inaccurate knowledge of o, in

B R

‘the case of a resistive upper layer~of oy in the case of

a cohductive upper layer can result in a substantial
error in the calculated thickness of tpe upper layé}. Any -
technique .which allows us to determine the conductivity
of the more conductive layer is of considerable impor-
tance since by definition the EM3l is most useful when
one layer presents a significant conductivity contrast

yith respect to the other.

Fig. 9 shows a multi-layer response diagram R(Z), com-
pletely analogous to Fig. 4 but with the instrument now
laying on the ground. Fig. 10, which presents the
function R;(Z) as a function of depth \is the same function
as Fig;AQ but now with the instrument rotated on its side
so that the meter face is vertical. It will be noted from
Fig. 9 that with the instrument on the ground in its nor-
mal operating configuration the total contribution from

MANUAL Page 30
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Geometrical Sounding of Two Layered Earth (cont'd)

all ground in excess of a depth of five meters is 34%
whereas Fig. 10 shows that with the instrument 1lying

on its side the ground in excess of five meters causes

a total contribution of only 17.5% of the total response.
This is the justification for stating earlier that the
instrument has efféctively one half the depth penetra-
tion when lying on its side. Fig. 9 also contains a
plot of the ratio R'/R and Fig. 10 a plot of the ratio
(1-R')/(1-R), both as a function of depth.

Case 1. 21 and o, comparable and o, known. It is

shown in Appendix 1 that for this case

a ./
o ' ]
R' (2) _ 01 o . Ga al + Ro1 °a ‘ ol + R ol
R(2Z) oa
%

thus given 0;', o,, and 6,, R'/R is calculated; Fig. 9
then gives the thickness of the upper layer as a function
of R'/R; with this thickness Fig. 9 or 10 is used to -
determine R or R' and the second equation given above is
used to determine o, thus fully resolving the two 1ayer~
case.

Case 2. o0, and o, comparable and o

1 2
case Appendix 1 shows that

2 known. In this

1 - R'(2)

1 - R(2)

.
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Geometrical Sounding of Two Layered Earth (cont'd)

Knowing ¢_', o_, and o,, (1-R')/(1-R) is calculated,
Fig. 10 gdives the thickness and given the thickness
Fig. 9 or 10 gives R or R' so that the second equation

given above is used to calculate 0y-

Case 3. Upper layer resistive. ! much less than 0,-
In this case Appendix 1 shows that

Q
Q

R'(2) _ Ca ¢ _’'a
R(Z) o, ' 2R °F

7

and the same proceedure as for Case 1 above is used to
determine the thickness of the upper layer and the con-
ductivity of the lower layer. '

Case 4. Upper layer conductive. 9 much greater than 0,-
Again Appendix 1 shows that

«

] ' . L}
1 -R(2) _ % o a9

1 - R(2) o, ! 1" 1 -R 1-R'

and the calculations for Case 2 yield the thickness and

the conductivity of the upper layer.

To illustrate the above let it be assumed that the upper
layer is known to bé 10 millimhos per meter and the EM31l
indicates 3.8 millimhos pef meter when laying on the
ground in its normal configuration and 6.5 millimhos per
meter when lying on its side. Fig. 3, which also gives
the correction factor to use when the instrument is lying
on its side, shows that no correction is necessary.
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5.3 Geometrical Sounding of Two-Layered Earth (cont'd)

Since the instrument has been calibrated to be operated
at one meter above the ground both of these numbers

must be multiplied by .88 since the instrument is being
3.3 millimhos

used on the ground. This results in o,

per meter and aa' = 5.7 millimhos per meter. Then
ca'
— -1 5.7
R _ % o Tt
. R(Z) LI ) 3.3 _ :
5 - 1 10
1

whereupon Fig. 9 shows that the thickness of the upper

layer is 1.25 meters and R(Z) = 0.825 whereupon
6. o a” % "R 3.3-10+0.825x10_,4
2 R 0.825 )

The techniﬁue for the other cases described above is
exactly the same.

The calculations described above assume that the earth is
known to be two-layered. It is possible to determine whether
this is true by ﬁeasuring the apparent conductivity with
the EM31 elevated to various heights above the ground ap§
comparing the results with a family of curves given in
Appendix II. If the measured variation of appafent con-
ductivity with heiéht matches one of the curves, one can
- immediately calculate the conductivity of both layers and

the thickness of the upper layer, as described therein.

|
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CASE HISTORIES: ELECTROMAGNETIC NON-CONTACTING GROUND
RESISTIVITY MAPPING

Introduction

This short note gives some illustrative examples of
surveys that have been carried out using electromag-
‘netic techniques to measure terrain resistivity.

The instruments employed were the Geonics Limited EM31
and a prototype version of the Geonics Limited EM34.
Both instruments were calibrated to read terrain. con-

ductivity in millimhos per meter directly:; however in -

‘'some of the case histories illustrated in this note

the measurements have been converted to resistivity

in ohm-meters.

Two features which often limit the usefulness of con-’
ventional ground resistivity surveys are their high
cost and. in. some regions (granular méterial, frozen
ground) difficulties associated with generating suf-

ficient current in the ground, The use of inductive

‘electromagnetic techniques avoids both problems since

ground probes are not required. This allows measure-
ment over any type of terrain and greatly reduces the

time to perform a survey.

ﬁasically the technique consists of energizing a small

'coil at an audio frequency and measuring the resultant

total magnetic field from this coil and the ground
with another coil a fixed distance away. Theorefical
studies show thét, if the intercoil spacing is main-
tained at a small fraction of the electrical skin

depth in the ground, all of the information about the

{

~

\
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Introduction (cont'd)

ground conductivity is in the guadrature-phase response.

Furthecmore, the quadratﬁre—phase response 1is essentially
linearly related to ground conductivity, thus permitting

an instrument design in which the output 1s calibrated

to read conductivity (or resistivity) directly. Also

,under these conditions, the effective depth penetration N

of the system is determined by the intercoil spacing and
is independent qf skin depth and thus of ground conduc-
tivity. This feature greatly simplifies interpretation
of survey results. In order to vary the depth to which
the resistivity is sensed one simply varies the intercoil
spacing in analogy with conventional re51st1v1ty surveys.
Conversely each survey carried out at a fixed ‘intercoil
spacing is essentlally analogous to a survey carried out
with conventional resistivity equipment at a fixed inter-

probe spacing.

The Geonics EM31 is a one-man portable instrument de-
signed for ‘engineering geophysical applications down- to
depths of the order of six meters. The intercoil spacing
is fixed at twelve feet (3.66 meters). Thé effective
penetratioh referred to above is an average value; in
those reglpns where a conductlve medium is to be located
beneath a resistive layer the pene;ratlon depth is sub-

/ . N

stantially larger.

The prototype EM34 1is opefated at two intercoil spacings
vis 50 and 100 feet, resulting in'effective,depth pene-
trations of the order of 75 and 150 feet (25 to 50 meters)
depending on the intercoil spacing employed for the
particular survey. Opération‘of the EM34 requires two
men; however measurements are still taken virtually as

fast as the team walks.

]
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Introduction (cont'd)

Most ©f the case histories in the technical note have
been taken‘with the EM31l; however in some cases data
from EM34 surveys are presented in order to further
elucidate the features of inductive electromagnetic

terrain resistivity mapping.

Example A: Heart Lake, Ontario (EM31)
100 feet over till,
10 feet over sand/gravel

Measurement Interval:

This survey line compares the results obtained with con-
ventional resistivity equipment (Wenner array with "a"
spacings of: 1 foot and 20 feet) and the Geonics EM31l.

It is seen that over the till, where the resistivity is

slowly varying, the agreement between the two techniques
is excellent. 1In the region shown as "sand and inter-
bedded gravel" there was a good deal of concretion which
caused the resistivity to vary greatly over short dis-

tances and which accounts for the discrepancy between

.the two techﬂiques. Over the till the EM31l was read

continuously however the data was recorded, with one
exception, at every 100. feet. The exception occurred at
station 7+50 where it was noted that a local resistibity
high occur}ed; this was of course not observed on the
Wenner afray since measurements were takén only at every
100 feet.

Example B: Sunnybrook Park (EM31, EM34)
Measurement Interval: 100 feet '

This case history shows measurements made with bgth the
EM31 and the EM34 and illustrates the effective depth
penetration of the two systems. The second sheet shows

.

—~
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Examnple B: - (cont'd) -

the results of expanding Wenner spreads at station 4+00
and 12+00. At station 4+00 we would expect the EM31 to

~ read approximately'40 ohm-meters and the EM34 50 to 60

ohm-mcoters, which is the case. At station 12+060 the
resistivity increases with depth and thus the EM31 should
read a relatively low value and the EM34 a higher value
wnich increaseé with intercoil spacing. This is indeed

/
the case.

Example C: Cavendisih Test Site (EM31)
Measurement Interval: 50 feet

This survey, which was carried out over line C to estab-
lish the overburden resistivity shows that with the
exception of the  swamp area‘the overburden is extremely
resistive. The value of ;esistivity'obtained over the
swamp is in good agreement with that from other measure-
ments. The example also illustrates the performance of

. the instryment over zones A & B, both of which are small

highly conductive mineralized zones and cause the

instrument to read off scale.

Example D: - Lake Scugog (ZM31)
Measurement Interval: S0 feet

Thislsurvey illustrétes_the extremely high resolution
achievable with the ZX31 or the EM34 systems since
neither technigue reguires electrical contact with the
ground. Resolution in conductivity of the order of 3%
or 4% is easily achieved and completely repeatable as
long as the terrain remains unchanged. The examplé also
illustrates the gpeed with which a survey can be carried

out. In this particular case 1.9 iine miles of survey

BKY
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Example D: (cont'd)

was performed in seveﬁty minutes with a station interval
of 50 feet. Furthermore since the measurements were
actuélly taken continuously any unusual activity in the

resistivity between stations would have been recorded.

Example E: Cooksville/Mississauga, Ontario (EM31)
Measurement Interval: 25 feet

This example illustrates a survey carried out with the

'EM31 to search for a buried river channel. The channel,

which is filled with glacial till, has been cut into the
bundas shale which, as seen from the example, has a
resistivity. of the order of 25 to 30 ohm-meters. The
total time to plot out the profiles shown in the figure
was approximately 2% hours, with a measurement interval
of, 25 feet. A shortcoming of the technique is seen on
line 5, where a region was encountered which was so con-
ductive that it was not possible to take readings.

The second sheet illustrates the application of the two
layer curves to interpret the survey results in terms
of depth.

Example F: Discontinuous Permafrost (EM31)
Measurement Interval: Variable )

These two examples were taken in Northern Canada and
compare the results obtaimed with the EM31 with a medium
frequency version o. the Radiohm (Geonics EM1l6R) tech-
nique operating at 250 kHz. The data interval is fairly
coarse, nevertheless there is good agreement between the
two techniques, which is particularly interesting in view
of the fact that the current diétribution in the grouhd

Page 41
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Example F' (cont'd)

is totally different for the two systems. Fhrthermore
the EM31 operates at a frequency of approx1mate1y 40 kHz
whereas the MF Radiohm operates at 250 klz.

Eiamgle G: Pre-glacial River Valley (EM31, EM34)
Measurement Interval: 100 feet

T.als survey was performed to outline a pre-glacial river
valley whose existance had been suggested‘frdm water-well
data. The survey was performed with the EM$4 at a station
interval of 100 feet and Qith intercoil spacing of both

50 and 100 feet. At either spacing the time fequired to
complete the 8400 foot /survey line was 1)k hours. The

same ling was subsequently surveyed with' the EM31l.

Typibal bedrock conductivity in the area is approximately

© 32 millimhos_per meter, whereas an averhge value for the

conductivity of the.infilling glacial till is of the order
of 8 to 12 millimhos per meter. Thus the EM34 at either
intercoil spacing yields approximately 30 to 34 millimhos
per meter at the valley edges where the overburden is thin
and 12 to 14 millimhos per meter at the valley center.

The EM3l yields values of 14 to 18 millimhos per meter at
the valley edges (slightly affected by the presence of

' bedrock) and approximately 10 millimhos per meter at the

valley center. The interpreted depth of the valley, based
on the model shown in the figure,‘is approximately 120
feet which is in reasonable agreement with the water-well
data value of 150 feet, bearing in mind that the three
sets of data show that a;two layer model is an over sim-
plification. | 7

The conductivity high which occurs between station 32 and

38 results from a very large pile of waste furnace ash

lying. on the surface.

C
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APPENDIX I - Formulae for Geometrical Sounding of -
Two-Layered Earth

In the case of a two-layered earth the apparent

conductivity is given by:

.

g

l1-R+kR = R(k-1) +1
o =
1, .
/
with the instrument on the ground in'its normal

operating position, and

g ! :
2 = 1-R +kR' = R'(k~-1) +1
01 .

with the instrument on the ground on its side.
Case 1. Therefore

G "

a
R'. %1 '
R oa
= -1
1. .

’

-

and from the first and/or second equatiéns. with

k=09y,709

o a 1 1 a. 1 1 o
2 . : R R* ‘

Case 2. When the conductivity of the lower layer
is known, from equations (1) and (2) ,

oa | = al - R'ol + R 02

52

(1)

(2)

(3)

(4)
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Case 2. (éont'd)

-— - ) 1 -
a 2 ol R ql 4+ R 02 (o]

{1 - R')(Ul -0

2

2)

AY

(r - R)(ol - a,)

°a” % = 2
Oa' )
\ a— - l
l - R' = 2
l - R °a
—_ -1
o
\ .2
I} »l
- T o ]
01 _ oa UZR‘ _ oa 02R

1l ~-R l - R'

¥:Case 3. When the upper layer is resistive and 9,

is much greater, then 0y from equations (5) and (6)

Q

n
Q
o]

oa' _ R 7 '
02 R
and
%a %y’
% * R % ®
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(6)

(7)
(8)

(9)

(10)

(11)

(12)

(13)

(14)

(15)
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#Case 4. When the upper layer is conductive and o,
is much less than Oy from equations (5) and (6) '
o, = ol(l -~R)l (16)
o' = o (1-R') (17)
1-r _ %' ‘ (18)
l - R - g \
: a
! o a '
a - a .
1L = 17% ° -« (19)
\
.I
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APPENDIX II - Determinatidn of Two-Layered Earth Geometry
by Varying Instrument Height

The electrical conductivity of the earth often exhibits
horizontal layering and it is possible with the EM31 to
determine how closely this layering can be approximated by
a two-layered earth geometry. g

i
.

Suppose measurements made with the instrument‘on the ground
have yielded different values of apparent conductivity when
the instrument meter is (a) face-up (i.e. the instrument is
in normal position), and (b) vertical (i.e. the instrument
is lying on its side). As discussed in Section 5.3 had the
value of apparent conductivity been the same in both posi-
tions we would know that the earth was homogeneous, but

the fact that the values are different for the two posit%ons

 shows that the eléctriéal conductivity varies with depth.

We would now like to know whether the earth is two-layered.

To determine this we make measurements of the apparent
conductivity with tHe instrument at various heights above
the ground, as meaSured by the distance between the'ground
and the nearest point of the white tube. It is suggested
that measurements be made at increments at least as‘émall
as one-half meter, for an example at 0, 0.5, 1, and i.S
meters. Measurements made 3t smaller increments will yield
greater accuracy,‘as will measurements made up to 2 meters
height if bossible. Measurements should be made both with
the instrument in its normal position‘(meter face upfight.
i.e. vertical dipoles,) and with the instrument on its side
(meter face vertical, horizontal dipoles) since it will ke
seen from the curves that the fall-off with height for these
two confiqurations is quite different and that this differ-
ence is therefore of considerable diagnostic value in
determining the two-layered earth characteristic. It is
important to make the measurements of height and apparent .

conductivity as accurately as possible.
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‘ The curves in the two figures show the varjation of

o , apparent conductivity (divided by upper layer conductivity)

‘ | for insffument height varying from 0 to 2 meters and for
L: five values of upper layer.tyickness vis. 0.5, 1.0,'1.55
\' 2.0, and 3.0 meters. The relationship is shown for both

§ i vertical dipoles (meter face up, instrument in normal

= p051t10n) and horlzontal dipoles (meter face vertical,

I, instrument on its 51de) for various values of upper layer
e to loweg Tayer conducti&ity contrastt

L To use the curves one proceeds as follows: -

- (1) Place a piece of semi-tfansparent'paper over either

L; .one of the graphs and on it plot the measured values’

‘ of apparent conductivity versus instrument height to

i; the scale used on the figures. Aiso sketch in on the
’ transparenf paper at any‘point a horizontal or vertical

y ol line to insure that when the,trénsparent paper is

L‘ translated over the figures in step 2 it does not

N rotate. : ,

L; ' (2) Translate the transparent paper vertically and hori-

iﬁﬁ zontally (1.e._w1thout rotatlon) across the various

S ‘plots shown on the figures to see whether the data

points can be matched to one of the curves. 1In the
event that no satisfactory match is achieved the

C

earth cannot be represented by a two-layered case.
(3) If a satlsfactory match can be achieved, the parameters

¥

. £
- R
A

i

of the two-layered earth are immediately calculated as
Eg follows: suppose that the measured values of apparent
~g‘ . - conductivity with height are
Y Height = O 0.0 0.5 1.0 1.5 2.0 meters
A o - ‘ ) ,
%’ 9, (EM31 upright) 20.7. 20.7  19.3 17.1 14.1 mmho/m
o'  (EM31 on side) 26.0  19.0  14.3 . 11.2 9.0 mmho/m

a ‘ - f

"
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\

Upon plotting these data values to the scale of the figures
and translatlng them we see that best agreement is achleved
for an upper laYer thickness of 1.5 meters and a conduc-

tivity contrast k = 0.5. We further observe that the
yalue of 20.7 millimhos per meter for Ua (instrument up-

right) cofresponds to-a value of Oa//g, of 0.62.

Since 0. = 0.62 when 0. = 20.7
a a
g1
“+ gy = 20.7 = 33.4 mmho/m
0.62
Since k = 92 =" 0.5
\ g,
- 0, = 0.5 x 33.4 = '16.7 mmho/m
and t = 1.5m from the figure.

The two-layered earth is fully resolved. )

It will be observed ehat in some regions on these two
flgures the resolutlon or dlfferentiatlon between the
various curves 1s not very great. For example if one
examines the curves for t = 1.0 meters, and k = 100, SO0,
or 20,
cal.
fer each of these conductivity contrasts the result of

the calculations will show that the lower 1ayer conductivity
and. the upber layer thickness are the same, regardless of
and that ihe only

one sees that these curve pairs are almost identi-
If the progess described in step 3 is carried out

which of the three curve pairs are used,
calculeted parameter that will vary will be the upper
layer conductivity which is very small. This is’an example
6f the well—knownlproﬁerty of electromagnetic systems to

accurately give both the distance to a good conductor and
. X
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»
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the actual éonductivity of the condﬁctor but to poorly
define the intervening resistive material. A problem in
unambiguously matching the curves may'also occur for
larger values of upper layer thickness, where the thick-
ness is sufficiently great to'prevent accurate resolution

of its value.

These features notwithstanding it will be found that these
curves are useful in .(a) deciding whether the ground re-
sembles a two-layer case and if so (b) giving a reaéonably
accurate estimate of the electrical parameters.
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